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PREFACE. 


Great  improyements  have  been  effected  of  late  years  in 
the  art  of  Surejing,  alike  in  the  construction  of  instruments^ 
in  the  methods  of  observation,  and  in  the  processes  of  reduc- 
tion ;  and  it  is  hoped  there  wUl  be  found  in  this  edition  a 
corresponding  advance  in  accuracy  and  completeness. 

The  present  Treatise  comprehends  the  whole  art  of  Land- 
Surveyings  and  contains  examples,  progressing  from  the  mea- 
surement and  planning  of  a  private  estate  to  the  delineation 
of  a  whole  country.  Descriptions  are  given  of  the  various 
instruments  employed  by  surveyors,  including  the  chain,  cross- 
staff,  plane-table,  circumferentor,  prismatic  compass,  sextant, 
and  theodolite  ;  together  with  the  best  methods  of  using  them 
in  the  measurement  of  boundaries  of  every  species  of  figure, 
and  in  computing  the  areas  of  every  variety  of  surface.  From 
the  great  experience  acquired  by  the  late  Mr  Ainslie  in  the 
discharge  of  his  professional  duties,  this  portion  of  the  work 
will  be  found  pecuUarly  instructive;  and  all  improvements 
posterior  to  his  time,  in  this  department,  have  been  now 
introduced  by  the  Editor.  A  section  is  also  devoted  to  the 
important  branch  of  Military  and  Marine  Surveying,  and  the 
Projection  of  Maps  and  Charts ;  while  another  details  the 
simplest  methods,  in  colouring  and  shading,  by  which  plans 
can  be  made  complete  and  effective. 

The  subject  of  Railway  Surveying  is  treated  with  a  care 
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corresponding  to  its  importance ;  and  Tables  are  given  for 
executing  the  curves,  for  estimating  the  effects  of  gradients, 
and  for  comparing  the  relative  merits  of  railways — ^together 
with  instructive  examples  from  lines  already  constructed. 

The  entire  section  treating  of  the  higher  departments  of 
Trigonometrical  Surveying  and  Levelling  has  been  added  by 
the  Editor  ;  as  also  the  following  one,  containing  a  descrip- 
tion of  the  requisite  instruments  and  the  manner  of  using 
them,  with  illustrative  plates  and  diagrams.  In  the  Trigono- 
metrical Surveys  of  their  respective  territories,  the  governments 
of  Europe  have  exhibited  somewhat  of  a  national  rivalry ; 
and  the  results  have  been  worthy  of  this  emulation.  But 
the  interesting  and  profound  works  in  which  these  pro- 
cesses are  detailed,  are  not  only  so  expensive  as  to  be  inac- 
cessible to  students  in  general,  but  many  of  them  are  also  so 
recondite  as  to  be  unintelligible  to  the  ordinary  classes  of  pro- 
fessional men.  To  remove  such  obstacles  is  the  object  of  the 
present  Treatise,  in  which  the  result^  deducible  from  these 
works,  and  from  the  Editor's  own  investigations,  are  con- 
densed in  the  form  of  formulae,  rules,  and  tables. 

Appended  is  a  series  of  Tables,  chiefly  useful  to  the  prac- 
tical man,  and  which  therefore  have  been  rendered  full  and 
complete,  and  clearly  explained  by  numerous  examples.  A 
volume  of  Plates  accompanies  the  work,  in  which  will  be  found 
all  the  varieties  of  maps  and  plans  used  in  the  various 
branches  of  Surveying. 

Edikbuboh,  M  May  1849. 
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238,  line  14,  for  **  position,*'  read  «  proposition.'' 
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384,  formula  2,  for  "  0.08  a","  read  •*  0.08  o'^" 
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/'.A— In  the  note  at  the  bottom  of  page  526,  it  ought  also  to  haTe  been  stated,  that  the  latl 
ierm  of  Mr  Buley's  formula,  XLIII.,  from  which  Mr  Simms'  taUe  was  compated,  is  enoneou 
— ^in  plaee  of  */,  the  trae  coefficient  is  V ,  as  correetlj  given  in  formula  (I),  page  527. — W.  O, 
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SECTION  FIRST. 

ART.  I.— DEFINITIONS  AND  PROBLEMS. 

• 

In  this  Treatise,  which  is  strictly  practical,  the  mathematical 
demonstrations  are  omitted.  The  Surveyor  may,  however,  be 
assured  that  the  principles  upon  which  the  problems  are  founded 
are  susceptible  of  strict  demonstration.  A  fadlity  in  performing 
these  problems  is  of  the  greatest  use  in  practice.  But,  before  pro- 
ceeding to  the  problems,  it  may  be  proper  to  lay  down  the  following 
definitions: — 

Land-SUBYETING  has  for  its  object  the  determination  of  the 
extent  of  area  contained  in  horizontal  surfaces ;  for  no  greater 
number  of  poles  could  be  planted  perpendicularly  upon  the  surface 
of  a  hill,  than  what  can  find  room  to  stand  upon  the  plane  of  its 
base.  Of  course,  no  greater  number  of  plants  or  trees,  all  of  which 
grow  upright,  could  find  room  upon  the  hill's  surface  than  what 
there  is  room  for  on  its  base. 

Burfacea  consist  of  length  and  breadth  only,  and  do  not,  like 
solids,  infer  their  constitution  from  the  three  dimensions  of  length, 
breadth,  and  thickness. 

Lines  J  whether  straight  lines  or  curves,  are  the  mere  boundaries 
of  surfaces,  and,  as  such,  are  to  be  considered  as  having  only  length 
without  breadth. 

A  Point  is  the  termination  of  a  line,  or  the  intersection  of  two 
lines,  and,  as  such,  has  neither  length  nor  breadth. 
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Parallel  lines  are  lines  placed  equidis- 
tant from  each  other,  and  which,  how-  v 
ever  far  extended,  can  never  meet; 
as  the  lines  A  B  and  C  D. 

Angles  are  formed  by  the  meeting  of 
lines  drawn  in  different  directions.  When 
a  line,  as  A  D,  falls  upon  the  line  B  C, 
so  that  the  two  angles  on  the  opposite 
sides  of  the  line  A  D,  at  the  point  D,  are 
equal,  then  these  two  angles  are  each  of 
them  right  angles,  and  the  line  A  D  is 
called  a  perpendicular  to  B  C. 

1.  A  represents  a  right  angle ;  2.  B  is  an  acute  angle,  which 
is  less  than  a  right  angle;  3.  C  is  an  obtuse  angle,  which  is 
greater  than  a  right  angle.  The  space  which  the  two  lines  forming 


B^ 
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1. 


2. 


3. 


the  angle  diverge  from  the  point  where  they  meet,  characterises  the 
nature  of  the  angle,  as  consisting  of  a  certain  number  of  degrees ; 
which  will  be  explained  when  the  circle  is  treated  of.  It  may  be 
proper  here  to  observe,  that  when  only  two  lines,  in  different 
directions,  meet  at  a  point,  and  of  course  form  only  one  angle  at 
the  point  of  junction,  the  angle  is  marked  and  designated  by  a 
single  letter.  But  if  three  or  more  lines  meet  a  point,  and  form 
two  or  more  angles,  three  letters  are  required  to  mark  and  desig- 
nate these  different  angles,  and,  in  naming 
them,  the  letter  at  the  point  of  junction  is 
placed  in  the  middle.  Thus,  the  angle 
formed  by  the  junction  of  the  lines  C  A 

and  B  A,  is  designed  the  angle  B  A  C  or     

CAB;  that  formed  by  the  lines  C  A  and 

D  A  is  named  the  angle  D  A  C  or  C  A  D,  and  that  by  A  B  and 

AD  the  angle  BAD. 

Figures  are  the  portions  of  space  completely  enclosed  and 
bounded  by  lines,  either  right  or  curved ;  those  bounded  by  the 
former  being  designated  SecHltnear  figures,  those  bounded  by  the 
latter  Curviltnear. 

L  BecHltnear  Figures  comprehend  Triangles^  or  spaces  bounded 
by  three  right  lines.    Of  these  there  are  three  kinds,  as  charac- 
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terised  by  their  bounding  lines:  1.  The  Equilateral  tnangUj  of 
which  all  the  three  sides  are  equally  represented  by  the  triangle 


1. 


2. 


3. 


B  C  A ;  2.  The  Isosceles  triangle^  of  which  two  sides  are  equal ; 
3.  The  Scalene  triangle^  where  the  three  sides  are  unequal.  Tri- 
angles are  also  characterised  by  their  angles. 

All  the  three  angles  of  a  triangle  are  equal  to  two  right  angles ; 
so  that,  if  one  angle  is  a  right  angle,  (or  greater  than  a  right  angle,) 
none  of  the  other  two  can  be  so  great  as  a  right  angle.  If  one  of 
the  angles  is  a  right  angle,  the  triangle  is 
a  right  angled  triangle ;  if  one  angle  is 
obtuse,  it  is  an  clbtuse  angled  triangle;  if 
all  the  three  angles  are  acute,  it  is  an  acute 
angled  triangle.  ^ 

n.  Quadrilateral  Jigures  are  spaces  bounded  by  four  straight 
lines.  These  comprehend  the  Square^  1,  in  which  all  the  four  sides 
are  equal,  the  opposite  sides  parallel,  and  all  the  angles  are  right 
angles;  Ihe  Rectangular  Parallelogram^  or  oblong,  2,  of  which  the 


1. 


2. 


3. 
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two  opposite  sides  are  equal  and  parallel,  all  the  angles  are  right 
angles,  but  all  the  four  sides  are  not  equal ;  the  Rhombus^  3,  of  which 
all  the  sides  are  equal  and  parallel,  but  none  of  the  angles  are  right 
angles;  the  perfect  or  regular  JSAom&K^,  3,  has  two  of  its  angles  of  120 
degrees,  and  two  of  60. 

The  Rhomboid^  1,  has  the  oppomte  sides  equal  and  parallel,  but  the 
sides  are  not  all  equal,  and  none  of  the  angles  are  right  angles. 
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The  Trapezium^  3,  is  a  figure  in  which  the  four  sides  are  unequal, 
none  of  them  parallel,  and  none  of  the  angles  right  angles.  The 
Trapezoid  is  that  in  which  two  of  the  sides 
are  parallel  but  not  equal.  In  every  qua- 
drilateral figure  the  four  angles  are  equal  to 
four  right  angles.  All  quadrilateral  figures, 
which  are  neither  squares,  parallelograms, 
rhombuses,  nor  rhomboids,  are  called  Trapezitmis.  As  every  four- 
sided  figure  contains  four  angles,  they  are  also  named  quadrangular. 
If  the  figure  is  bounded  by  more  than  four  sides,  it  is  called  9k  polygon 
or  a  multilateral  Jigure. 

Gwrmlinear  figures.  These  comprehend  the  Circle^  the  Ellipse^  or 
ovalj  &c.  Several  of  the  principles  of  the  art  of  surveying  are  refer- 
able to  the  properties  of  the  circle ;  and  the  practical  surveyor  may 
sometimes  be  called  upon  to  trace  out  an  oval  upon  pleasure-grounds. 

The  Circle  may  be  considered  as  a  figure  traced  by  a  point  moving 
round  a  fixed  point  called  the  Centre,  and  keeping  always  at  the 
same  distance  from  the  centre,  till  it  arrives  at  the  place  from  whence 
it  set  out.  It  may  be  traced  upon  a  slate  or  paper  with  a  pair  of 
compasses,  by  fixing  one  foot  in  the  centre,  and  making  the  other 
revolve  round  it,  extending  the  compasses  to  the  width  required  in 
the  circle,  whilst  a  writing,  steel,  or  slate  pen,  fixed  to  the  moving 
foot,  traces  the  line  of  its  course,  called  the  circumference.  In 
tracing  a  large  circle  upon  the  ground,  a  convenient  way  is  to  fix  a 
pin  in  the  centre,  to  put  the  end  of  a  cord  with  an  eye  over  the  pin, 
and,  at  the  distance  required,  to  move  round  with  the  other  end 
of  the  cord,  marking  the  line  it  makes  by  pins  at  short  distances. 
A  straight  line,  drawn  in  any  direction  from  the  centre  of  the 
circle  to  its  circumference,  is  called  the  Radius  of  the  circle ;  and 
from  the  mode  in  which  a  circle  is  formed,  it  is  self-evident  that 
all  the  radii  of  a  circle  are  equal.  Any  straight  line  drawn  across 
the  circle,  passing  through  its  centre,  and  terminated  by  the  cir- 
cumference, is  called  the  diameter  of  the  circle^ 
and  divides  it  into  two  equal  parts ;  each  of 
these  parts  is  named  a  semicircle ;  the  part 
of  a  drcle  cut  off  by  any  right  line  drawn 
across  it,  which  does  not  pass  through  the  a 
centre,  is  called  the  segment  of  a  circh* 
A  F  D  B  is  the  circumference  of  the  circle ; 
C  is  its  centre ;  the  line  A  B  is  its  diameter ; 
the  lines  drawn  from  the  centre  to  the  circum- 
ference AC,  FC,  DC,  and  BC,  are  radii  of  the  circle;  thelineDC, 
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perpendicular  to  A  B,  if  prolonged,  would  divide  the  circle  into  four 
equal  parts ;  the  portions  of  the  drde  A  C  D,  or  B  C  D,  are  named 
Quadrants  of  the  circle. 

In  the  circle  A  E  x  E  B  »  E  K^  and  A  L  x  L  B  »  L  M',  whence 
any  number  of  points  in  the  circumference  of  the  circle  may  be 
computed  when  the  diameter  is  given.  This  will  enable  a  surveyor 
to  lay  out  a  circus  in  a  town,  or  to  stake  off  the  curves  of  railways. 
Compute  E  K,  in  which  K  forms  the  extremity  of  the  straight  line 
FK,  then  compute  LM,  whence  LM-EK-LM-LN«MN. 
In  this  way,  as  many  distances  from  the  straight  line  EK  as 
may  be  thought  necessary  may  be  computed. 

The  circle  is  used  to  measure  the  divergence  of  the  two  lines 
forming  an  angle :  for  this  purpose  the  circumference  of  the  circle 
is  conceived  to  be  divided  into  360  equal  parts,  called  degrees ; 
the  degree  is  divided  into  60  parts  called  minutes,  and  th6  minute 
into  60  parts  called  seconds ;  the  semicircle  contains  180  of  these 
degrees ;  the  quadrant  A  C  D  contains  90  degrees ;  the  divergence 
of  the  two  lines  forming  an  angle,  is  ascertained  by  the  number 
of  degrees  of  the  circumference  of  a  circle,  which  these  two  lines 
would  intercept,  were  we  to  form  the  circle  from  the  point,  as  its 
centre,  where  these  lines  meet ;  and  the  angle  receives  its  name 
from  the  degrees  so  intercepted :  thus  the  lines  A  C  and  C  D  inters 
cept  the  fourth  part  of  the  circumference,  or  90  degrees ;  and  the 
angle  A  C  D.is  called  an  angle  of  90  degrees,  or  a  right  angle ;  the 
line  F  C  intercepts  with  the  line  D  C  one  half  of  these,  or  45  degrees, 
therefore  the  angle  F  C  D  is  called  an  angle  of  45  degrees,  and 
F  C  B  -  45*  +  90°  =  135^  It  is  the  same  thing  whether  the  circle, 
by  the  intercepted  portions  of  whose  circumference  circles  are  mea- 
sured, be  a  greater  or  lesser  circle ;  for  mn  is  just  the  eighth  part 
of  the  drcumference  of  the  lesser  circle,  as  F  D  is  of  the  larger 
one,  drawn  from  the  same  common  centre  C. 

The  Ellipse  is  regularly  formed,  somewhat  similar  to  a  circle  of 
two  centres.  Two  pins  are  planted,  as  in  the  figure ;  a  thread  or  cord, 
with  its  ends  fastened  together,  is 
thrown  over  the  pins ;  a  black 
lead  pendl,  or  other  milrker,  is 
then  held  upright  in  the  hand, 
within  the  double  of  the  cord,  and 
is  carried  round  the  pins  at  the  frill 
stretch  of  the  cord,  from  the  two 
planted  pins  or  centres,  and  marks 
the  progress  round  the  centres  of  the  angle  formed  in  the  cord  by  the 
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marker.  EUipBes,  it  is  evident,  may  thus  be  formed  with  any  pro- 
portion of  their  length  to  their  breadth ;  the  nearer  the  distance  of 
the  two  centre  pins,  with  the  same  length  of  cord,  the  more  nearly 
will  the  ellipse  approach  to  the  form  of  a  circle ;  and  the  same  thing 
will  take  place,  in  proportion  to  the  length  of  cord,  with  the  same 
distance  of  the  centre  pins. 

The  longer  diameter  A  B  is  called  the  major  axis,  the  shorter  C  D 
is  called  the  minor  axis,  cutting  each  otiher  at  right  angles  in  O  the 
centre  of  the  ellipse.  The  poinb  F,  f^  are  called  the  foci,  the 
line  F  C  is  called  the  mean  distance  £rom  F,  and  is  equal  to  A  O 
half  the  major  axis.  Also  F  O  is  called  the  eccentricity,  and 
AG  X  GB:  AI  X  IB  : :  GH« :  IK«.  Hence  if  AB  and  DCbe 
known,  any  number  of  points,  H,  K,  &c.,  may  be  computed  so  as 
to  form  the  front  of  an  elHptfSal  circus  in  large  towns. 

Since'from  the  fod  F,/,  two  straight  lines  drawn  to  any  point  P 
in  the  drcumference  are,  together,  equal  to  the  major  axis  A  B,  it 
follows  that  an  ellipse  may  be  constructed  by  points  through  which, 
by  hand  merely,  or  a  bent  spring  passing  over  them,  the  curve  may 
be  traced.  Divide  the  major  axis  into  any  number  of  equal  parts, 
as  10, 100,  &c.,  or  to  be  easy  in  execution,  into  numbers  capable 
of  constant  bisection,  as  8,  16,  32,  64,  128,  &c.  Then  take  the 
extent  A  G  in  the  compasses,  with  F  as  a  centre  describe  one  arc 
With  G  B  the  other  portion  of  the  major  axis  and  centre  y^  describe 
another  arc,  intersecting  the  former  in  H,  giving  one  point  in  the 
curve.  In  like  manner,  any  number  of  points  may  be  found  by 
intersections  on  both  sides  of  the  curve  at  the  same  time. 

We  now  proceed  to  describe  the  mode  of  performing  a  few  Geo- 
metrical Problems,  in  the  exercise  of  which  the  practical  surveyor 
should  endeavour  to  acquire  a  readiness. 


ART.  II.— GEOMETRICAL  PROBLEMS. 

Pros.  I. 

To  draw  a  line  parallel  to  a  given  line  A  B. — ^With  a  pair  of  com- 
passes take  the  distance  you  want  to  make  one  line  distant  from 
another ;  then  set  one  foot  of  the  compasses  in  A,  (fig.  to  definition 
of  parallel  lines,  page  2,)  and  describe  an  arc  wiili  the  other  foot  at 
C ;  remove  the  compasses  with  the  same  extent,  and  put  one  foot  of 
the  compasses  at  B,  and  with  the  oth^r  foot  describe  an  arc  at  D ; 
draw  the  line  C  D,  which  will  be  parallel  to  A  B. 
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Pros.  IL 
To  divide  a  line  inio  two  equal  parts. — ^Let  A  B  be  the  line  to  be 
diyided.    Stretch  the  compasses  to  any  extent,  exceeding  half  the 
length  of  the  line  A  B ;  fix  one  foot  in  A, 
and  sweep  the  arc  G  D ;  then,  with  the  com- 
passes at  the  same  extent,  fix  one  foot  at  B,    a 

and  cat  the  former  arc  in  the  points  C  and 
D ;  draw  the  line  C  D  through  the  points  of 


'\ 


A" 


AN 


intersection,  which  will  divide  the  line  A  B  /  \ 

into  two  equal  parts.     This  is  the  best  mode  of  raising  a  perpen- 
dicular upon  the  middle  of  a  line,  if  jou  have  room  below  at  D. 

prob.  m. 

From  the  end  of  a  line^  a«  A  B,  to  raise  a  perpendicular  at  B. — 
With  any  extent  in  a  pair  of  compasses  set  one  foot  in  B,  and  de- 
scribe an  arc  deb ;  with  the  same  ex- 
tent put  one  foot  of  the  compasses  in  d^ 
and  turn  the  compasses  twice  upon  the 
arc,  marking  the  points  c  and  b]  and  ,jb^ 

firom  these  points   describe   the  arcs  / 

intersecting  each  other  at  g ;  then  draw  ■ 

the  line^B,which  will  be  perpendicular  ^  4  ' 

to  the  line  A  B,  at  the  end  of  the  line  at  B. 

Prob.  IV. 

To  let  faJl  a  perpendicvlar  from  a  point  at  A  upon  the  given  line 

B  C. — ^With  any  extent  greater  than  the  distance  from  A  to  D,  (fig. 

page  2,)  put  one  foot  of  the  compasses  in  A,  and  describe  the  arc 

H  B ;  then  put  one  foot  of  the  compasses  in  the  intersection  at  H, 

and  describe  an  arc  at  K ;  with  the  same  extent,  on  B  as  a  centre, 

intersect  the  arc  at  K ;  then  draw  the  straight  line  A  D  from  the 

point  A  to  the  point  of  intersection  at  K,  and  the  line  A  D  will  be 

perpendicular  to  the  line  B  C.    In  practice,  the  line  may  terminate 

atD. 

Prob.  V. 

To  raise  a  perpendicular  from  the  end  of  a  line^  when  there  is  not 
room  on  one  side  to  extend  the  arc  deb^  as  \ 

in  last  figure, — ^With  any  extent  you  think                       ^  '>-^  ^ 
proper  between  your  compasses,  put  one  foot            1  .,."^/^  ] 

at  the  end  of  the  line  at  B,  and  describe  an   ^        '^l  y  * 

arc  passing  through  D  ;*  with  the  same  ex-  ** -' 

*  Any  point  D,  eridently  within  the  angle  ABC,  taken  at  pleasure,  will  accom- 
pliflh  the  same  purpose  when  the  other  foot  of  the  compasses  is  extended  to  B. 
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tent,  put  one  foot  of  the  compasses  in  any  part  of  the  line  A  B,  sup- 
pose at  L,  and  intersect  the  former  arc  in  D ;  with  the  same  extent 
in  D  as  a  centre  sweep  the  arc  L  E  C ;  draw  a  line  from  L  through 
the  centre  D  to  the  arc  at  C ;  lastly,  draw  the  line  C  B,  which 
will  be  the  perpendicular  to  the  line  A  B  at  B.  Various  other 
methods  might  be  shown  how  to  raise  and  let  fall  perpendiculars ; 
but  what  has  been  pointed  out  is  thought  sufficient. 

Prob.  VI. 

At  a  given  point,  to  make  an  angle  equal  to  a  given  angle. — 
Let  B  A  C  be  the  given  angle ;  set  one  foot  of  your  compasses 
in  the  point  A,  and  with  any  extent  sweep 
an  arc  e  d,  intersecting  the  two  lines  B  A 
and  C  A,  which  form  the  g^ven  angle ; 
then  with  the  same  extent  fix  one  foot  in 
the  point  D,  where  the  required  angle  is  to 
be  formed,  and  sweep  the  arc  E  F ;  take 
the  arc  e  c?  in  your  compasses,  and  apply  it  to  the  arc  E  F,  marking 
those  points ;  then  draw  straight  lines  from  the  points  E  and  F  to 
the  angular  point  D,  and  you  will  have  the  angle  E  D  F  equal  to 
the  angle  BAG. 

Prob.  VII. 

To  divide  a  right  angle  in  three  equal  porta. — From  the  angular 
point  A  describe  an  arc  B  C,  and  with  the  same  extent  set  one 
foot  of  your  compasses  upon  the  arc  at  B,  and 
make  a  mark  upon  the  arc  at  m ;  then  with  the 
same  extent  set  one  foot  of  the  compasses  on 
the  arc  at  C,  and  make  another  mark  with  the 
other  foot  at  h\  draw  straight  lines  from  the 
points  971  and  k  to  the  angular  point  A,  which 
will  divide  the  right  angle  into  three  angles  of  30  degrees  each. 

Prob.  Vin. 

To  make  an  equilateral  triangle  whose  haae  is  A  B. — ^Take  the 
length  of  A  B  (fig.  1  to  def.,  page  3,)  with  a  pidr  of  compasses,  and 
with  that  extent  set  one  foot  of  your  compasses  in  A,  and  describe 
an  arc  at  G ;  then,  with  the  same  extent,  set  one  foot  of  the  com- 
passes in  B,  and  with  the  other  foot  intersect  the  former  arc  in  C ; 
draw  lines  from  the  point  G  to  the  points  A  and  B,  then  A  B  G 
will  be  an  equilateral  triangle. 
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Pbob.  IX. 
To  construct  an  taosceles  triangle  upon  the  line  D  E. — ^With  the 
extent  of  the  line  D  F  (fig.  2  to  def.,  page  3,)  set  one  foot  of  the 
compaases  in  D,  and  describe  an  arc  passing  through  F ;  then,  with 
the  same  extent  set  one  foot  of  the  compasses  in  E,  and  intersect 
the  former  arc  at  F ;  draw  the  lines  F  D  and  F  E,  and  it  is  formed. 

Peob.  X. 

To  construct  a  scalene  triangle  whose  sides  are  aUunegual^  a«  A  B, 
G  B,  and  C  A. — ^Take  the  length  of  A  B,  (fig.  3  to  def.,  page  3,)  and 
lay  that  distance  off  upon  a  line  drawn  at  pleasure ;  then,  with  your 
compasses,  take  the  length  of  the  line  A  C,  and  with  one  foot  in  A 
describe  an  arc  through  C ;  then  take  the  length  of  the  line  B  C, 
and  with  one  foot  in  B  intersect  the  former  arc  at  C ;  draw  lines 
from  the  point  of  intersection  at  C  to  A  and  B,  and  it  is  made. 

Peob.  XI. 

To  firm  a  right  angled  triangle  on  the  Une  G  H. — ^At  the  point  Q- 
(fig.  to  def.,  page  3,)  raise  the  given  perpendicular  6 1,  as  described 
in  page  7,  and  draw  the  line  H  I,  and  it  is  finished. 

Peob.  XII. 

To  form  'a  square  whose  sides  ahaJl  he  equal  to  K  L. — ^Baise  a  per- 
pendicular from  K  to  N,  (fig.  1  to  def.,  page  3,)  and  another  from  L 
to  M,  both  of  an  equal  length  with  K  L ;  join  M  and  N,  audit  is  done. 
Or  you  may  draw  K  N  perpendicular  to  L  K,  from  the  point  E ; 
then  take  the  length  of  L  K,  and  lay  off  that  distance  to  N ;  and, 
with  the  same  extent  in  your  compasses,  put  one  foot  in  N,  and 
describe  an  arc  through  M ;  and,  with  the  same  extent,  put  one 
foot  of  your  compasses  in  L,  and  with  the  other  foot  intersect  the 
arc  in  M ;  and,  from  the  point  of  intersection  at  M,  draw  the  lines 
ML  and  MN,  which  form  the  square  LENM. 

Peob.  XIII. 

To  form  a  rectangular  parallelogram  whose  sides  shall  be  equal  to 
Ae  given  lines  A  B  and  A  D. — ^Lay  down  a  line  equal  to  the  length 
A  B,  (fig.  2  to  def.,  page  3  ;)  at  the  point  A  raise  a  perpendicular 
of  the  length  of  A  D ;  then,  with  your  compasses  extended  to  the 
length  of  A  B,  put  one  foot  in  D,  and  describe  an  arc  at  £ ;  then, 
with  the  extent  of  A  D,  fix  one  foot  in  B,  and  intersect  the  arc  at 
E ;  fit>m  the  point  of  intersection  draw  the  lines  E  D  and  E  B,  and 
it  is  done. 
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Prob,  XIV. 
To  construct  a  rhcmbua  vpM  a  given  line  A  B. — Take  tlie  length 
in  your  compasses,  and  with  one  foot  in  B  (fig.  3  to  def.,  page  3)  de- 
scribe the  arcDEC;  with  the  same  extent  on  A  as  a  centre  describe 
an  arc  catting  the  former ;  and  on  D  as  a  centre  describe  an  arc  cut>- 
ting  D  E  C  in  C;  draw  the  lines  A  D,  B  C,  and  C  D,  which  form 
a  rhombus.  This  is  called  the  regular  rhombus.  The  opposite 
angles  of  a  rhombpis  may  have  any  magnitude  except  right  angles. 

Pbob.  XV. 

To  form  a  rhombus  of  any  given  angle^  suppose  B  A  C. — First,  by 
Pbob.  VI.,  make  an  angle  equal  to  B  A  C,  (fig.  1  to  def.,  page  3 ;) 
take  any  length  you  please  between  your  compasses,  suppose  A  B ; 
with  the  same  extent  make  a  mark  on  the  line  from  A  to  C ;  and 
with  the  same  distance  on  B  as  a  centre  describe  an  arc  through  D ; 
then  with  the  same  extent,  and  on  C  as  a  centre,  cut  that  arc  in  D ; 
lastly,  draw  the  lines  B  D  and  C  D,  and  it  is  formed. 

A  rhomboid  has  its  opposite  sides  equal  and  parallel,  but  not 
perpendicular  to  one  another. 

Pbob.  XVI. 

To  constmct  a  trapezoid  upon  the  line  C  E,  whose  parallel  lines 
shall  be  the  lines  C  D  and  E  E. — ^With  a  pair  of  compasses  lay  off 
the  distance  of  C  E  (fig.  to  def.,  page  4 ;)  then  at  one  end  of  the 
line  C  raise  a  perpendicular  of  the  length  of  C  D ;  at  the  other  end 
of  the  line  at  E  raise  another  perpendicular  of  the  length  of  the 
given  line  E  F ;  join  those  lines,  and  it  is  done. 

Pbob.  XVn. 

To  construct  a  trapezium  equalto  a  given  trapezium^  A  D  B  C. — 
From  any  angle  of  the  given  trapezium  draw  a  line  to  its  opposite 
angle,  which  is  called  a  diagonal,  suppose  the  line  A  B  (fig.  3  to 
def.,  page  3 ;)  lay  down  a  line  of  the  same  length  as  A  B,  and 
extend  your  compasses  to  the  length  of  the  line  AB  of  the 
^ven  figure ;  fix  one  foot  in  the  end  at  B,  and  with  the  other  foot 
sweep  an  arc  the  length  of  B  D ;  then  take  the  length  from  the 
given  figure  A  D,  and  put  one  foot  of  the  compasses  in  A,  and  inter- 
sect the  arc  at  D,  draw  in  the  lines  A  D  and  D  B ;  then  take  the 
length  of  the  line  from  the  g^ven  figure  A  C,  and  put  one  foot  of 
your  compasses  in  A,  and  describe  an  arc  at  C ;  dien,  with  your 
compasses  extended  to  the  length  of  B  C,  and  in  like  manner  from 
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the  point  B,  intersect  the  arc  in  C ;  draw  the  lines  A  G  and  B  C, 
and  the  trapezium  is  formed  equal  to  the  one  given. 

Note, — ^The  dottedline  D  e  in  the  figure  has  no  connexion  with  tlie 
above  construction,  nor  has  the  dotted  lines  from  D  and  C  to  tlie 
diagonal.  Their  use  will  be  explained  in  another  place,  relative 
to  the  computation  of  areas. 

prob.  xvm. 

ToconstniustanequilaieraltriangUw^  Ze^DEFG^ 

the  circle^  of  which  H  is  the  centre, — ^With  the  same  radius  by  which 
the  circle  is  drawn  set  one  foot  of  the  com- 
passes on  any  part  of  the  circumference  you 
please,  suppose  on  E,  and  with  the  other  foot 
intersect  the  drcumference  in  D  and  F,  and 
draw  the  line  F  D ;  then  take  the  distance 
of  the  line  F  D,  and  set  one  foot  in  F,  and 
with  the  other  intersect  the  arc  in  G ;  draw 
the  lines  G  F  and  G  D,  and  it  is  formed.         ' 


Peob.  XIX. 

To  construct  a  square  vnthin  a  circle, — 
Divide  the  circle  into  quadrants;  first,  by 
drawing  a  line  through  the  centre  of  the  figure, 
suppose  from  I  to  L,  and  another  line  per- 
p^idicular  through  the  centre  from  K  to  M; 
then  draw  lines  from  I  to  E,  K  to  L,  L  to 
M,  and  M  to  I,  and  the  square  is  formed. 


Prob.  XX. 

To  construct  a  regular  hexagon  in  a  circle. — ^The  radius  of  a  circle 
being  transferable  six  times  on  its  circumference,  take  the  same 
radius  the  circle  is  drawn  by,  put  one  foot  of  the 
compasses  on  any  part  of  the  circumference,  and 
divide  the  circumference  into  six  equal  parts ; 
lastly,  draw  lines  from  every  point  to  the  one 
next  it  till  you  have  gone  all  round,  and  the 
hexagon  is  finished. 

Prob.  XXI. 


To  construct  an  octagon^  or  eight-sided  fgure, — ^Describe  a  circle, 
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and  divide  it  into  four  equal  parts  by  two  dia- 
meters perpendicular  to  one  another  (as  in 
the  figure) ;  then  set  one  foot  of  the  com- 
passes in  A,  and  with  any  distance  you  please 
sweep  an  arc  at  e^  and  another  at/;  then  set 
one  foot  of  the  compasses  in  C,  and  with  the 
other  intersect  the  arc  in  6 ;  and  with  the  same 
extent  on  D  as  a  centre,  intersect  the  former 
arc  in/;  then  dr^w  the  dotted  lines  from  the  points  e  and /exactly 
through  the  centre  to  the  other  side  of  the  circumference,  which  will 
divide  the  circle  in  eight  equal  parts ;  lastly,  draw  straight  lines 
from  every  point  where  the  above  straight  lines  touch  the  circum- 
ference to  the  next  point  touched,  and  the  octagon  is  formed.  When 
one  of  the  sides,  such  as  A  E,  must  be  of  a  g^ven  length,  it  will  be 
readily  constructed  by  the  sector,  as  described  in  cases  of  mathe- 
matical instruments. 


prob.  xxn: 

To  describe  an  ellipse. — ^The  ellipse  is  formed  by  a  curve  drawn 
about  two  centres,  as  represented  in  the  figure,  page  5.  Two  pins  are 
fastenedat  the  points  F,/ (which  points  are  termed  the  foci  of  the 
ellipse) ;  a  thread  or  cord  is  to  be  doubled,  and  the  ends  fastened ; 
the  thread  is  then  thrown  over  the  pins  with  its  double  extended 
to  C  or  D;  and  with  a  pen  or  pencil,  by  keeping  the  thread  equally 
tight  about  the  pins  (taking  care  to  hold  the  pen  or  pencil  upright) 
the  figure  may  be  easily  described.  It  is  evident  the  nearer  the 
two  pins  approach  to  one  another,  the  nearer  does  the  figure  ap- 
proach to  a  circle. 

Prob.  XXm. 

By  the  following  method  a  figure  may  be  formed  with  arcs  of 
circles  only,  and  which  will  nearly  resemble  the  ellipse.  Draw  any 
line,  as  AB,  and  upon  it  describe  two  isosceles 
triangles,  DEC  and  DEC;  produce  their 
sides  to  H,  G,  I,  andK ;  then  on  the  vertex  of 
each  triangle  E  and  F,  with  the  distance  EF, 
describe  the  arcs  GH  and  IK;  lastly,  on 
C  and  D  as  centres,  with  the  distance  C  H 
or  DG,  describe  the  arcs  HK  and  GI,  and  it  is  done.  This 
figure  is  generally  preferred  for  a  grass  plot,  and  sometimes  in  the 
construction  of  arches. 
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pbob,  xxrv. 

Easy  modes  of  forming  oval  figures  by  compasses. — Draw  a  line 
the  length  of  the  oval,  as  A  B,  and  let  fall  a  perpendicular  through  the 
centre  F  from  D  to  E ;  with  one  foot 
of  the  compaases  in  E  describe  a  drcle, 
the  diameter  of  which  shall  be  half  the 
length  of  the  line  A  B ;  then  put  one 
foot  of  the  compasses  where  the  arc 
intersects  the  line  A  B  at  ^,  and  with 
the  same  radius  as  the  circle  ahready 
made  describe  the  arc  iBib;  remove 
the  compasses  to  A,  and  put  one  foot  in  A,  and  sweep  the  arc 
9i»  A'n;  then  take  a  stretch  of  half  the  breadth  you  wish  to  give 
to  the  oval,  and  put  one  foot  of  the  compasses  in  the  centre  F,  and 
with  the  other  foot  describe  an  arc  at  D  and  another  at  E ;  and 
then  with  your  hand  cut  off  the  four  comers  aaaa^  and  the  figure 
is  formed. 

A  figure  somewhat  resembling  the  ellipse, 
made  by  drawing  four  circles,  and  with  the 
hand  cutting  off  the  four  comers  aaaa. 


This  represents  also  a  figure  which  is 
formed  by  two  circles.  These  are  approxi- 
mations only  to  the  ellipse,  part  of  it  marked 
h  h  being  drawn  with  the  hand. 


Prob.  XXV. 

To  divide  a  line  into  two  partSj  which  shall  be  in  the  same  ratio  to 
each  other  as  two  given  lines. — ^Let  A  A  be  one  line  and  BB  the 
other ;  let  C  D  be  the  given  line,  to  be  divided 
into  two  parts,  bearing  the  same  proportion 
to  each  other  as  A  A  does  to  B  B. 

First,  from  C  draw  a  line  at  pleasure,  as 
C  F ;  then  with  a  pair  of  compasses  take  the 
length  of  the  line  A  A,  and  lay  that  distance 
off  upon  the  line  C  F,  which  will  reach  to  a 
pomt  at  E;  likewise  take  off  the  length  of 
the  line  B  B,  and  set  that  distance  off  from  E,  which  will  reach  to 
the  point  F ;  then  draw  a  line  from  F  to  D ;  lastly,  draw  a  line 


ii«- 


Bo- 


-e  A 
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parallel  E  G  with  F  D,  from  the  point  at  E,  this  last  line  will  cut 
the  line  C  D  at  G,  and  will  make  the  line  C  G  in  the  same  ratio  to 
GDthat  AAistoBB. 

Prob.  XXVI. 

To  divide  a  line  into  any  number  of  equal  parte  j  euppoee  eight. 
— ^Laj  down  a  line  of  any  length  at  pleasure,  suppose  A  B,  from 
one  end  of  the  given  line  A  D,  making 
any  small  angle  you  please  aboye  that 
line,  and  another  parallel  to  it  below, 
as  D  E ;  lay  any  convenient  distance 
off  eight  times  upon  the  upper  line, 
and  with  the  same  extent  eight  times 
upon  the  under  line,  and  draw  lines 
fit)m  the  corresponding  alternate 
point  to  point,  namely,  1  to  7,  2  to  6, 

3  to  5,  &c.,  from  the  upper  line  to  the  under  one,  these  will  divide 
the  middle  line  A  D  into  eight  equal  parts.  This  mode  is  very 
useful  in  dividing  scales  into  equal  parts. 


llltMIUI 
ilt'OIIIII 
tililHIII 
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Prob.  XXVII. 

To  construct  a  diagonal  acaJs^  suppose  one-fourik  of  an  inch  to  each 
primary/  division. — ^Draw  a  line  any  length  you  wish  to  make  your 
scale,  suppose  an  inch  and  a  half; 
raise  a  perpendicular  at  both  ends  of 
an  equal  breadth,  which  divide  into  ten 
horizontal  parallel  spaces,  by  eleven  ^ 
parallel  lines  at  equal  distances,  the  whole  length  of  the  scale ; 
then  divide  the  length  into  six  equal  divisions,  and  draw  vertical 
lines  parallel  with  the  perpendiculars,  which  will  be  one  fourth 
of  an  inch  each  division ;  ^en  divide  the  left  hand  division  into 
ten  equal  parts,  both  at  the  top  and  bottom;  draw  a  diagonal 
line  from  0  to  the  first  of  the  small  divisions  at  the  top  of  the  scale; 
then  draw  another  line  from  the  first  division  at  the  bottom  to  the 
second  division  at  the  top  of  the  scale,  and  go  on  in  this  way  till 
the  whole  of  the  ten  lines  are  drawn;  then  insert  the  figures 
as  represented  on  the  diagram ;  the  first  figure  is  sometimes 
called  <en,  the  second  ttoentify  the  third  thirty^  &c.  In  the  first 
case,  each  of  the  small  divisions  is  one :  the  first  figure  is  some- 
times called  100,  the  second  200,  the  third  300,  the  fourth  400,  the 
fifth  500.     In  that  case,  each  small  division  is  caUed  ten^  two  is 
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termed  ttventtfy  and  the  vertical  figores  units^  and  bo  on  in  a  decimal 
ratio. 

Diagonal  scales  may  be  made  of  various  dimenmons,  in  the  same 
way  as  above,  half-inch  or  inch  scales. 

To  take  off  a  distance  from  a  diagonal  scale,  suppose  446  links, 
when  the  figure  one  upon  the  scale  is  termed  100.  Place  one  foot 
of  the  compasses  in  the  fourth  vertical  line,  at  the  sixth  line  up, 
and  extend  the  other  foot  along  the  parallel  line  to  the  fourth 
diagonal,  which  will  be  the  distance  required.  I 
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SECTION  SECOND. 


DESCRIPTION  AND  MSTHOD  OF  8URVBTINO  WITH  VARIOUS  INSTRUMENTS. 


ART.  I.— OF  THE  CHAIN. 

The  land-sarveyor's  chain,  commonly  called  Gmiter^s  chain,  is 
diyided  into  one  hundred  equal  parts,  denominated  links,  reckoned 
from  each  end  towards  the  middle  by  means  of  brass  marks  at 
every  ten  links.  The  best  chains  have  welded  iron  or  brass  handles 
attached  to  each  end.  The  end  of  the  marks  which  is  opposite  that 
fixed  to  the  chain,  is  divided  into  as  many  parts,  or  points,  as  the 
number  of  tens  of  links  from  each  end  of  the  chain.  In  reckoning 
the  odd  links,  care  must  be  taken  to  observe  on  which  side  of  the 
fifty,  which  is  indicated  by  a  round  piece  of  brass  or  ring  without 
divisions,  the  last  pin  was  put  down,  otherwise  an  error  may  be 
easily  committed,  by  calling  the  marks  10,  20,  30,  or  40,  instead 
of  90,  80,  70,  or  60;  because,  when  the  pin  is  past  the  circular 
mark  indicating  50,  then  40  next  the  fore  or  leading  end  of  the 
chain  wiU  be  60,  30  wiU  be  70,  20  will  be  80,  and  10  wiU  be  90. 
The  chain  being  thus  divided,  as  shown  in  the  figure,  it  is  immate- 
rial which  end  or  handle  the  leader  or  foremost  chain-bearer  takes 
hold  of.  Indeed,  in  the  course  of  the  survey  it  may  be  advan- 
tageously changed  as  occasion  might  require. 

In  the  figure,  the  handles  are  indicated  by  a  and  c2,  while  a  by 
b  c,  &c.,  show  the  links,  though,  to  avoid  confusion,  these  occupy 
the  real  length  of  two  links  in  the  chain,  while  the  number  of 
points  in  the  brass  marks  appended  to  it  show  the  number  of  tens 
from  each  end. 

When  it  is  necessary  to  unfold  the  chain,  take  both  handles  in 
the  left  hand  and  throw  it  from  you  with  the  right,  taking  care  to 
keep  hold  of  the  handles,  then  stretch  it  out  to  its  fiill  extent. 

The  most  easy  and  expeditious  method  of  folding  up  the  chaui| 
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is  to  begin  at  the  drcular  mark,  or  fifty,  and  fold  it  np  double, 
which,  when  done,  should,  for  the  convenienoe  of  carriage,  be 
endoaed  in  a  belt,  with  a  buckle  to  make  it  fast  when  soffi- 
cientlj  tight. 

The  pins  should  also  be  carefully  tied  up  to  prevent  losing 
any  of  them. 

The  offset  staff  may  be  advantageously  used  for  setting  off 
straight  lines,  or  diagonals,  when  a  sufficient  number  of  asris- 
tants  are  not  at  hand;  for,  by  looking  first  to  the  one  pole  and 
then  to  the  other,  when  even  invisible  fix>m  one  another  by  an 
intervening  height,  if  both  poles  are  seen  through  one  of  the 
grooves  of  the  head  of  the  cross  staff,  the  poles  and  staff 
are  all  in  the  same  straight  line ;  otherwise,  not.  If  they  are 
not  in  the  same  straight  line,  the  position  of  the  staff  must 
be  altered  till  they  are  so ;  then  remove  the  staff,  and  put 
a  signal  in  its  place.  This  will  be  readily  understood  fix>m  ^\  ^ 
the  four  adjacent  figures,  exhibiting  the  whole  process. 

The  measurer  should  also  be  provided  with  ten  pins,  made 
of  wood  or  strong  iron  wire,  about  12  or  15  inches  long, 
having  a  piece  of  red  doth  tied  to  the  head  of  each  pin,  so 
that  they  may  be  easily  found.  It  is  requisite  to  be  provided 
with  three  or  four  poles,  called  station  staffs,  about  8  or  10 
feet  in  length,  with  a  red  or  white  flag  tied  to  the  top  of  each, 
to  be  readily  seen  when  placed  at  a  distance;  whidi,  if  shod 
with  iron,  will  be  easily  stuck  in  the  ground.  The  measurer 
ought  also  to  have  an  offset  staff*  ten  links  long,  and  divided 
and  numbered  from  one  to  ten,  for  taking  offsets  into  the 
bends  and  angles  in  the  fences ;  or  a  tape,  which  is  better, 
divided  into  links  in  place  of  feet,  such  as  carpenters,  masons, 
and  painters  use  for  measuring  their  work.  These  tapes  can 
be  bought  at  most  of  the  hardware  shops. 

Being  provided  with  the  above  articles,  place  one  of  the 
poles  where  you  intend  to  measure  to,  and  leave  the  other 
at  the  mark  you  begin  at.  Let  the  foremost  assistant  take 
one  end  of  the  chain  and  the  ten  pins ;  and  the  other  assis- 
tant, when  the  chain  is  stretched  out,  must  direct  him  in  a 
line  with  the  pole  they  are  to  measure  to.  If  he  is  not 
exactly  on  the  line  at  first,  the  hindmost  assistant  must  ^ 
cause  him  to  move  to  the  right  or  left  till  he  is  exactly  on  the 

*  The  erofls  staff  should  be  difided  into  links,  to  serre  this  purpose  when  sppli- 
eable.  Its  length  in  that  cue  should  be  8  links  exaetly^uo  m  to  be  of  moderate 
or  eoBTonient  dimensions. 
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line  with  the  station  staff,  where  he  is  ordered  to  stick  down 
one  of  the  pms  at  the  end  of  the  diain.  The  foremost  chain- 
man  goes  forward  and  the  hindmost  one  follows,  and  stands 
with  his  hand  above  the  first  pin,  and  moves  the  foremost  assistant 
by  signal  to  the  right  or  left,  till  he  is  exactly  on  the  line ;  when 
he  is  ordered  to  stick  in  his  second  pin.  The  hindmost  chain-man 
lifts  the  first  pin  at  the  same  time  the  other  sticks  his  second  pin. 
*  The  one  chain-man  goes  forward,  and  the  other  follows  to  the 
second  pin ;  the  foremost  man  then  sticks  in  his  third  pin  by  the 
direction  of  the  hindmost  man.  It  will  be  proper  to  observe,  that 
each  of  the  chain-ihen  should  be  very  careftd  in  keeping  the  line 
very  correct,  which  they  can  both  know  exactly ;  the  foremost 
assistant  will  always  see  the  back  pole  and  the  hindmost  assistant 
in  a  line,  and  the  hindmost  assistant  never  allows  the  foremost  one 
to  stick  in  his  pin  till  he  sees  that  he  is  exactly  on  the  line  to  the 
pole  they  are  measuring  to ;  and  the  one  assistant  should  always 


lift  the  pin  with  the  same  hand  that  he  has  the  chain  in,  and  the 
other  should  stick  down  his  pin  with  the  same  hand  that  he  draws 
the  chain  with.  The  chain-men  can  now  direct  each  other ;  but  if 
they  should  deviate  in  the  least  fi^m  the  line,  they  can  put  th«n- 
selves  exactly  upon  it  agam,  by  moving  a  little  to  the  right  or  leSt 
till  they  are  exactly  upon  it  again,  which  they  can  easily  ascertain 
when  the  hindmost  assistant  sees  the  foremost  assirtant  b  a  line 
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with  the  pole,  and  the  foremost  asaiBtant  observes  the  hindmost 
assistant  in  a  line  with  the  pole  left  at  the  place  where  Ihe 
measuring  began.  If  great  care  is  not  taken  to  keep  the  line, 
particularly  where  offsets  are  taken,  none  of  them  will  be  right, 
but  either  too  short  or  too  long,  according  to  the  distance  thej  are 
to  tibie  right  or  left  of  the  line.  The  foremost  man  always  sticks  in 
his  pins,  and  the  hindmost  lifts  them  up,  till  they  are  all  spent, 
which  dionld  be  ooufUed  to  see  if  none  are  lost  This  is  what 
land-survejors  call  a  change,  or  1000  links.  The  hindmost  man 
gives  the  whole  of  the  pins  to  the  foremost  chain-man,  and  proceeds 
measuring  as  before.  They  may  either  change  at  ten  pins  or 
eleven :  if  they  diange  at  eleven,  the  hindmost  man  sticks  in  one 
of  the  pins,  and  gives  the  foremost  man  only  nine.  They  now 
continQe  measuring  till  the  pins  are  all  spent  a  second  time.  This 
IB  called  two  changes,  or  2000  links.  The  pins  ou^t  to  be 
regularly  counted  at  each  change^  so  as  immediately  to  detect  any 
error  in  the  measured  distances  without  going  over  the  whoU 
measurement  a  second  time.  But  we  shall  suppose  the  foremost 
chain-man  comes  to  the  pole  before  it  was  neoessaiy  to  change  pins 
the  second  time :  in  that  case,  the  hindmost  assistant's  pins  are 
counted,  which  we  shall  suppose  8  chains  and  25  links.  You 
insert  for  the  length  of  that  line  in  the  field-book  1825.  A  land- 
surveyor  never  thinks  of  setting  down  in  his  field-book,  or  eye- 
draught,  diains  or  links  at  the  end  of  his  figures,  as  every  one  that 
measures  with  the  chain  generally  inserts  their  distances  in  links. 

Some  surveyors,  in  some  of  the  counties  in  England,  survey  with 
a  chain  10  yards  in  length;  in  Scotland,  some  measure  with  a 
diain  10  eUs  in  length,  each  ell  being  37  inches;  and  in  Ireland 
with  a  chain  of  2  perches,  or  42  feet,  in  length.  These  measures 
are,  since  the  year  1826,  generally  discontinued,  on  the  passing  of 
an  act  of  parliament  relative  to  weights  and  measures. 


This  figure  shows  the  method  of  taking 
an  angle  with  the  chain,  when  you  have 
no  other  instrument  to  take  angles  with  in 
the  field;  it  saves  the  trouble  of  measuring 
the  diagonal.  Many  surveyors  prefer  tak- 
ing an  angle  with  it,  on  account  of  its  sim- 
plicity, to  any  other  instrument.  Suppose 
the  angle  BAG  is  wanted  fix>m  the  comer 
of  the  hedge  A ;  measure  one  chain  or  100 
links  firom  A  on  the  line  A  C,  and  order 
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the  chain-man  to  leave  a  pin  at  a ;  then  measure  another  chain's 
length  from  A  to  i ;  when  that  is  done  go  up  to  the  mark  at  b^ 
and  measure  to  a,  which  is  76  links,  which  note  down  on  your  field- 
book. 

To  protract  the  angle  B  A  C,  draw  a  line  at  pleasure,  represent- 
ing the  dotted  line  A  B ;  then  take  the  length  of  one  chain  from  a 
larger  scale  than  the  one  you  intend  to  plot  the  field  by,  and  with 
one  foot  of  the  compasses  in  A  sweep  an  arc,  as  a  & ;  then  take  off 
76  links  firom  the  same  large  scale  the  arc  was  described  by,  firom 
a  to  i ;  then  put  one  foot  of  the  compasses  in  i,  with  the  extent  of 
76  links,  and  make  a  mark  upon  the  arc  at  a ;  draw  the  line  A  C 
through  the  point  a,  which  will  give  the  angle  B  A  C.  Suppose 
you  want  to  lay  off  another  angle  from  C  towards  D,  lay  that 
angle  off  as  above  directed,  and  take  off  100  links  from  a  large 
scale,  suppose  four  times  larger  than  you  intend  to  plot  the  field 
by — the  larger  the  scale  the  better ;  tihen  draw  an  arch  from  the 
point,  and  make  a  prick  upon  the  dotted  line  C  A  at  6 ;  then  take 
off  160  links  from  the  same  scale  the  arch  e  d  was  described  by ; 
then  put  one  foot  of  the  compasses  in  6,  and  intersect  the  arch  md\ 
lastly,  draw  a  line  from  the  angle  C  through  the  point  d^  and 
the  angle  A  C  D  will  be  formed.  Observe,  when  the  fences  are 
measured,  that  you  measure  the  distance  from  the  hedge  to  where 
you  stand,  on  each  side  of  the  fences ;  and  if  a  pole  is  placed  at  the 
same  distance  from  the  hedge,  it  wiU  be  exactly  paraUel.  In 
Fig.  4.  AreaSj  an  angle  was  taken  with  the  chain  into  the  middle 
of  the  hedge,  in  the  trapezium  at  A  to  a  and  6,  and  the  distance 
across  from  a  to  &  was  147 ;  but  it  is  the  same  thing,  and  answers 
the  purpose  better,  to  measure  parallel  with  a  fence,  suppose  from 
5  to  10  links.  The  reason  of  having  represented  the  dotted  lines 
a  little  from  the  fence  is,  that  obstructions  are  fr^uently  met  with 
when  the  measure  is  taken  dose  to  the  fence.  All  otiier  angles 
that  are  taken  with  the  chain  are  taken  in  the  same,  way  in  the 
field ;  which  insert  either  upon  an  eye-sketch  or  in  a  field-book. 

ABCDEFis  a  field  of  six  sides,  surveyed  with  the  chain, 
the  fences  of  which  are  all  straight.  The  best  method  of  measuring 
this  field  is  to  divide  it  into  triangles  on  the  spot,  which  is  repre- 
sented with  dotted  lines  on  the  figure,  and  represent  the  lines  that 
were  measured  to  divide  it  into  four  triangles.  Begin  the  measure- 
ment at  any  angle  you  please,  suppose  A,  and  measure  to  B,  that 
is  1000  links,  which  insert  in  an  eye-sketch;  then  measure  the 
fence  from  B  to  C,  1500,  and  from  C  to  D,  650,  from  D  to  E, 
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1200,from  E  to  F,  800,  and  from 
F  to  A,  710,  to  where  you  be- 
gan ;  all  of  which  distances  set 
down  carefullj  in  an  eye-sketch 
or  a  field-book ;  then  go  to  A, 
and  measure  across  the  field  to 
D,  which  is  1420,  then  measure 
firom  D  to  F,  which  is  1200, 
then  return  to  D,  and  measure 
to  B,  which  is  1400,  fimshing 
the  surrey ;  and  insert  all  the 
distances  in  an  eye-sketch  or  a 
field-book,  whichever  you  choose 
to  keep. 

To  plot  and  delineate  a  plan  cflkia  fig.  Draw  any  one  of  the 
lines  you  choose  to  begin  at  by  random  with  a  black-lead  pencil,  to 
represent  either  of  the  fences  or  dotted  lines  across  the  inclosure. 
Suppose  you  begin  at  A,  take  a  thousand  links  fi*om  a  scale  of 
equal  parts,  and  lay  off  that  distance  upon  the  black  lead  line^ 
which  will  reach  to  B,  then  take  the  distance  1420  from  the  same 
scale,  and  put  one  foot  of  the  compasses  in  A,  and  describe  an  arc 
at  D ;  then  take  the  distance  of  1400  from  the  scale,  and  put  one 
foot  of  the  compasses  in  B,  and  intersect  the  arc  in  D ;  then  take 
the  distance  from  D  to  C,  650,  and  set  one  foot  of  the  compasses 
in  D,  and  sweep  an  arc  at  C ;  then  take  the  distance  from  B  to  C, 
which  is  1500,  from  the  same  scale,  and  put  one  foot  of  the  com- 
passes in  B ;  intersect  the  arc  in  C ;  then  take  1200  from  the 
same  scale,  which  is  the  length  across  the  field  from  D  to  F,  and 
put  one  foot  of  the  compasses  in  D,  and  sweep  an  arc  at  F :  then 
take  the  distance  from  A  to  F,  which  is  710,  from  the  same  scale, 
and  put  one  foot  of  the  compasses  in  A,  and  intersect  the  arc  in 
F ;  dien  take  the  length  from  F  to  E,  which  is  800,  from  the 
scale,  and  with  that  extent  put  one  foot  of  the  compasses  in  F,  and 
sweep  an  arc  at  E  ;  then  take  the  distance  from  D  to  E,  which  is 
1200,  from  the  same  scale,  and  put  one  foot  of  the  compasses  in  D, 
and  cut  the  arc  at  E ;  then  draw  in  the  fences  A  B,  B  C,  C  D, 
D  E,  E  F,  and  F  A,  which  gives  the  exact  shape  of  the  enclosure, 
if  the  lengths  are  all  right  measured  in  the  field,  and  the  distances 
taken  exactly  from  the  scale  of  equal  parts  with  the  compasses. 
Let  a  field  consist  of  ever  so  many  sides,  they  must  all  be  divided 
into  triangles  and  trapeziums,  either  in  the  field  or  on  a  plan,  be- 
fore the  area  can  be  obtained. 

There  are  numbers  of  enclosures  that  have  their  ndes  very 
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crooked  and  irregtdar,  as  the  fig.  Let  thb  enclosure  be  divided  into 
a  triangle,  as  A  B  C,  whose  side  A  B  is  540,  the  line  B  C  760,  and 
the  side  C  A  900.  Great  care  must  be  taken 
in  measuring  each  line,  and  taking  offsets  into 
all  the  bends  and  angles,  which  are  represented 
by  dotted  lines.  On  the  figure  where  thej  are 
taken,  not  only  the  length  of  each  offset 
must  be  marked  on  an  eye-sketch,  but  the  distance  firom  a  given  point 
where  each  offset  is  taken  at.  Suppose  you  begin  the  measurement 
at  C,  at  250,  you  take  an  offset  to  the  bend  of  50,  and  at  560  yon 
take  another  offset  of  60,  and  the  length  of  the  line  C  A  is  900.  B^gin 
again  at  A,  and  measure  to  B ;  at  120  an  offset  is  taken  of  60,  at  250 
another  is  taken  of  5  to  the  fence ;  at  400  another  offset  is  taken 
of  80  to  an  angle  in  the  fence,  and  the  whole  distance  of  the  line 
A  B  is  540.  In  meastuing  the  line  B  C,  an  ofiset  is  taken  at  400 
of  90,  to  an  angle  in  the  hedge,  and  the  whole  length  of  the  line 
B  G  is  760.  The  above  distances  being  all  carefully  marked  in 
the  field  upon  a  field-book  or  eye-sketch,  it  is  now  to  be  delineated 
and  laid  down  by  scale  and  compasses.  Draw  a  line  at  pleasure 
to  represent  the  longest  side,  A  C,  with  a  black  lead  pencil,  and 
take  off  the  distance  900  from  a  scale  of  equal  parts,  which  is  the 
distance  from  A  to  C,  and  make  a  mark  at  C  and  another  at  A ; 
then  take  the  distance,  which  is  540,  fr^m  the  same  scale,  and  put 
one  foot  of  the  compasses  in  A,  and  describe  an  arc  at  B ;  then 
take  the  distance,  760,  from  B  to  C ;  put  one  foot  of  the  com- 
passes in  C,  and  with  the  other  foot  intersect  the  arc  at  B ;  then 
draw  the  line  A  B  and  B  C  with  a  black  lead  pencil,  which  will 
form  the  triangle  ABC. 

The  different  ofisets  are  now  to  be  laid  off  where  each  of  them 
were  taken.  Most  surveyors,  for  quickness,  use  a  feather-edged 
scale  (see  page  33) ;  others  use  a  scale  of  equal  parts  and  a 
pair  of  compasses.  First,  on  the  line  A  B,  make  a  mark  at  120, 
another  at  250,  and  another  at  400 ;  at  120  lay  off  the  offset 
60,  at  250  lay  off  5,  at  400  ky  off  the  offset  80 ;  then  draw  in 
the  fence  to  the  offset  60,  from  thence  to  the  offset  5,  from  thence 
to  the  ofiiset  80,  and  from  thence  to  B,  which  will  ^ve  you  the 
boundary  line  from  A  to  B ;  then  either  use  the  feather-edged 
scale  or  a  pair  of  compasses,  and  prick  off  400  upon  the  line 
B  C,  and  opposite  it  prick  off  the  offiet  90  to  the  comer  of  the 
fence ;  then  draw  in  the  boundaiy  from  B  to  the  offi^t  90,  fix>m 
thence  to  C ;  lastly,  lay  off  250  and  the  offset  50;  also  560  and  the 
offset  60 ;  then  draw  in  the  fence  from  G  to  the  offset  50,  fi^m 
thence  to  the  offset  60,  from  thence  to  A,  which  closes  the  enclosure. 
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After  inking  it  in,  rub  out  the  black  lead  lines,  and  70a  have  the 
exact  shape  of  the  ground,  if  you  have  measured  the  lines  correct. 
Almost  all  surveyors  use  the  feather-edged  scales,  of  about  12 
inches  long,  while  with  another  of  2  inches,  set  at  right  angles 
to  the  other,  the  offsets  are  pricked  off — each  scale  of  12  inches 
having  its  corresponding  two-inch  ofiset  scale. 

FIELD-BOOK  OF   LAKQLEE. 
l%e  river  U  about  200  link$  wide. 
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The  preceding  is  the  field-book  of  the  farm  of  Langlee^  and  this 
fiigure  the  corresponding  plan ;  which  plan  b  made  out  to  give  an 
idea  how  to  measuve 
and  plot  the  farm.  The 
Surrey  was  begmi  at 
A,  and  poles  placed  in 

A,  B,  Cy  and  D,  exact- 
ly in  a  line;  the  dis- 
tiuices  were  then  mea- 
sured from  A  to  By  C 
and  D,  and  pits  dug 
in  the  ground  where 
eadi  pole  was  placed. 
It  wiU  be  proper  to 
observe  that  a  pit  must 
be  dug  with  a  spade  at 
each  station,  where  a 
pole  stood.  A  con- 
spicuous pin  will  gene- 
rally answer  the  pur- 
pose suffidently  well, 
each  pin  having  its 
proper  number  marked 
upon  it,  or  upon  a  piece 
of  paper  stuck  into  it, 
especially  if  not  re- 
quired to  remain  long. 
The  poles  were  then 
removed  from  A  and 

B,  one  of  which  was 
placed  in  E  and  the 
other  in  F,  exactly  in  a 
line  with  the  poles  C  and  D,  and  the  same  line  measured  forward  to 
E  and  F.  The  poles  were  then  removed  from  C  and  D ;  the  one 
was  placed  in  G  and  the  other  in  H,  exactly  in  a  line  with  F  and  E, 
and  the  distance  measured  forward  to  H.  The  poles  were  then 
removed  from  E  and  F ;  the  one  was  placed  in  I  and  the  other 
in  K,  and  the  line  measured  forward  to  I  and  K,  which  finishes 
the  first  long  line.  By  the  above  method  of  measuring,  a  line 
may  be  continued  for  miles  by  letting  two  poles  stand,  and  advan- 
dng  the  other  two  poles  in  the  same  line.  Poles  were  put  up  in 
L  and  M,  and  the  distance  measured  from  K  to  L  and  M.    Poles 


1^3: 


1  t  I  I  I  I  I  I  1 


SURVEYING  WITH  THE  CHAIN.  25 

were  then  placed  up  at  M,  N,  O,  P,  all  in  a  direct  line,  and  the 
distance  measured  forward  to  N,  O,  and  P.  The  poles  were  then 
remoTed  from  M  and  N,  the  one  was  placed  in  Q  and  the  other 
in  B,  in  a  line  with  P  and  O.  The  pole  was  then  removed  fix>m 
Qy andplaced  in  A,  in  a  line  with  R  Q,  and  the  distance  measured 
forward  to  A,  which  makes  a  closing.    Poles  were  then  placed  in 

A,  T,  U  and  Y ,  and  the  distances  measured  forward  to  T,  U,  and 
y,  which  finishes  the  lipe  along  the  road.  Poles  were  then  placed 
in  W,  X,  Y  and  Z,  and  the  line  continued  and  measured  from 
y  to  F,  where  it  joins  the  first  long  line  from  A  to  K. 

Before  proceeding  frirther,  I  shall  now  point  out  the  method 
used  in  plotting  the  survey  of  what  is  done,  and  afterwards  de- 
scribe the  way  how  to  finish  the  enclosures. 

I^rst  draw  a  line  at  pleasure,  to  represent  the  long  line  A, 

B,  C,  D,  E,  F,  G,  H,  I,  E ;  and  with  a  pair  of  compasses  prick 
off  the  distance  7090,  which  is  the  distance  fix>m  A  to  K,  fit)m 
a  large  scale,  suppose  2  chains  in  an  inch,  with  a  pair  of  large 
compasses;*  then  take  off  from  the  same  scale  3000,  which  is 
the  length  of  the  line  E,  L,  M ;  put  one  foot  of  the  compasses  in 
E,  and  describe  an  arc  at  M ;  then  take  off  the  distance  6450, 
which  is  the  distance  from  M  to  A,  and  put  one  foot  of  the  com- 
passes  in  A,  and  intersect  the  arc  at  M;  then,  with  a  sharp-pointed 
black  lead  pencil,  draw  the  line  E,  L,  M,  and  the  line  M,  N,  O, 
P,  Q,  B,  A,  which  will  form  the  triangle  A  E  M ;  then  take  off 
fit>m  the  same  scale  4800,  which  is  the  distance  from  A  to  F,  and 
make  the  mark  O,  signifying  station,  at  F,  upon  the  line  A  E ; 
then  take  off  from  the  same  scale  2620,  which  is  the  distance  frt>m 
Atoy ;  put  one  foot  of  the  compasses  in  A,  and  sweep  an  arc  aty; 
then  take  4460,  which  is  the  distance  from  y  to  F ;  put  one  foot 
of  the  compasses  in  F,  and  intersect  the  arc  in  y ;  then  draw  the 
lines  A  y  and  y  F,  which  will  form  the  triangle  A  y  F. 

All  the  intermediate  distances  and  offsets,  and  where  the  hedges 
were  crossed,  having  previously  been  inserted  in  the  field-book,  the 
next  thing  to  be  done  is  to  prick  off  the  distances  fix»m  A  to  B, 
A  to  C,  A  to  D,  A  to  E,  A  to  F,  A  to  G,  A  to  H,  and  fix)m  A  to 
I ;  make  the  mark  o  (station)  where  each  pole  was  placed,  and 
insert  the  letter  of  reference  at  each  mark ;  do  the  same  upon  the 
other  lines ;  then  begin  and  lay  off  the  offsets  taken  to  the  different 

*  Beam  oompoflses  are  the  most  conTenient  for  this  purpose;  eapedally  if  they 
have  scales  graduated  on  the  beam  to  suit  the  plan.  It  would  be  well  if  the 
brass  and  steel  work  were  made  to  fit  different  beuns,  haying  Tarious  scales  gradu- 
ated on  them. 
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angles  and  bends,  and  prick  them  all  off  from  the  same  scale,  and 
also  where  the  hedges  were  crossed  in  measuring  the  different 
lines. 

In  measmring  the  line  A  K,  the  road  was  departed  from  at  2150, 
and  an  offset  on  the  left  at  8500  of  430  to  ^  /  which  distance  lay 
off,  and  draw  in  the  road  40  wide  from  A  to  g ;  then  lay  off  the 
distance  3680,  where  the  hedge  was  crossed  between  D  and  E,  and 
drikw  in  that  fence  from  g  ;  then  prick  off  the  distance  4820,  where 
the  hedge  was  crossed  between  F  and  G ;  then  lay  off  the  distance 
6050,  where  the  hedge  was  crossed  at  the  road,  and  also  40  for  the 
breadth  of  the  road,  and  an  oflbet  to  the  river  of  110,  to  the  end  of 
the  bridge ;  draw  in  the  fence  from  the  end  of  the  bridge  to  K,  and 
lay  off  the  distance  frt>m  K  to  L,  which  is  1600 ;  draw  in  the  fence 
from  K  to  M :  then  lay  off  the  offset  20  from  N  to  the  fence,  and 
make  a  mark  that  a  hedge  goes  off,  and  draw  in  the  fence  from  M 
to  the  mark ;  then  lay  off  the  offset  80  frY>m  O ;  draw  in  the  fence 
from  N  to  the  offset  80.    In  measuring  the  line  from  M  to  A,  the 
boundary  was  crossed  at  2430,  which  mark,  and  also  where  the 
hedge  was  crossed  at  3100 ;  and  lay  off  the  offset  of  150  on  the 
right  to  the  boundary  ;  then  draw  in  the  fence  fr^m  the  offset  of  80 
to  where  the  boundaiy  was  crossed ;  from  thence  to  the  offset  of 
150,  taken  between  P  and  Q ;  from  thence  to  where  the  boundary 
was  touched  at  4100 ;  then  prick  off  from  the  scale  4190,  and  an 
offset  of  200  to  the  comer  of  the  boundary ;  lay  off  an  offset  of  180 
at  B,  another  of  120  at  5030,  another  of  270  at  5100,  another  of 
270  at  6310,  another  of  200  at  5330,  and  another  offisiet  of  200  at 
5520,  and  mark  the  comer  of  the  boundary ;  then  draw  in  the 
crooked  boundary  from  the  offset  at  B,  to  where  the  boundary  was 
touched  at  the  sharp  angle,  from  thence  to  the  offset  of  20  at  A ; 
then  draw  in  the  road  from  A  to  Y,  30  wide.    In  measuring  the 
line  V  F,  cross  the  hedge  at  15,  at  the  comer  of  the  wood,  and 
prick  off  an  offset  of  15  to  the  river ;  at  1700  prick  off  an  offset  of 
10  to  the  river;  at  W  prick  off  an  offset  of«60  to  the  river;  then 
draw  in  the  river  from  the  road,  aboiuJt  two  chains  vnde^  to  the  ofl^t 
of  60  at  W ;  and  prick  off  1850,  where  the  hedge  was  crossed, 
between  W  and  X ;  and  prick  off  3420,  at  crossing  another  hedge, 
between  Y  and  Z. 

I  now  come  to  show  how  to  finish  the  measurement  of  the 
enclosures.  Go  to  the  mark  at  G,  and  measure  to  a,  from  thenee  to 
H,  and  take  the  offsets  to  the  river,  and  fixim  H  measure  a  diagonal 
to  &,  and  from  H  to  c,  and  from  c  to  i,  and  from  5  to  G,  which 
finishes  enclosure  11. ;  then  measure  a  diagonal  from  E  to  c  and 
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from  c  to  L,  which  finiflhes  enclosure  L ;  then  measure  the  diagonal 
from  L  to  N  and  from  N  to  c,  which  finiahes  endosure  lEL. ;  then 
measure  the  diagonal  from  c  to  O,  then  a  line  along  the  hedge  from 
O  to  d,  which  finishes  the  measurement  of  enclosure  IV. ;  then 
measure  the  diagonal  fi^m  i  to  F,  and  measure  frt)m  P  to  ^,  which 
finishes  enclosure  Y ;  then  measure  the  diagonal  from  Q  to  C,  and 
measure  fromC  to  B,  which  finishes  enclosures  YI.  and  Vli.  Begin 
again  at  Z  and  measure,  and  take  four  offsets  to  the  river,  which 
finishes  enclosure  YIII. ;  then  measure  from  X  to  <f,  and  take  three 
o£bets  to  the  river,  and  measure  from  dio  Y,  and  take  two  offi»tB 
to  the  river,  which  finishes  enclosure  IX. ;  then  go  to  B,and  measure 
a  diagonal  to  e,  and  from  e  measure  to  C,  also  from  e  to/andfrom 
fix>B^  which  finishes  enclosure  X. ;  then  measure  the  diagonal  from 
e  to  y ,  and  from  Y,  bj  the  side  of  the  wood,  to  f,  which  finishes 
enclosure  XL ;  then  measure  a  diagonal  across  the  yard,  from  T  to 
Sj  (in  measuring  that  line  an  offset  was  taken  to  the  comer  of  the 
wood;)  then  measure  fix>m  S  to  U,  and  take  the  length  and 
bread^  of  the  house  at  f,  which  finishes  the  house,  yard,  and 
wood. 

The  triangle  A  K  M,  and  the  triangle  A  Y  F,  being  already 
plotted,  I  have  now  to  show  how  to  plot  the  different  enclosures. 
Take  the  distance  670,  which  is  the  length  from  G  to  a,  ftom  the 
scale,  and  put  one  foot  of  the  compasses  in  G,  and  describe  an  arc 
at  a  /  then  take  1080,  which  is  the  length  from  a  to  H,  firom  the 
scale,  and  put  one  foot  of  the  compasses  in  H,  and  intersect  the  arc 
in  a/  then  draw  in  the  fence  from  the  mark  near  G  to  a;  then  lay 
off  the  offset  10  at  a  to  the  river,  also  an  offi^t  of  100  at  280,  like- 
wise an  offiet  of  80  at  540,  and  the  offset  of  70  at  900  to  the  river, 
and  the  offset  of  130  at  H  to  the  river ;  then  draw  in  the  river 
aboui  two  chains  wide  from  the  first  offset  to  the  others ;  then  take 
1700,  which  Ib  the  length  of  the  diagonal  from  H  to  &,  from  the 
scale,  and  put  one  foot  of  the  compasses  in  H,  and  sweep  an  arc 
with  the  other  foot  at  h  ;  then  take  1170,  which  is  the  length  from 
H  to  c,  and  put  one  foot  of  the  compasses  in  H,  and  describe  an 
arc  at  c  ;  then  take  1160  from  the  scale,  and  put  one  foot  in  i,  and 
intersect  the  arc  in  c  /  then  draw  in  the  road,  40  wide,  fi^m  b  to 
c,  also  the  road  from  c  to  the  bridge,  and  the  fence  from  b  to  the 
mark  between  F  and  G,  and  the  fence  from  the  comer  of  the  road 
at  c  to  L ;  and  if  the  diagonal  answers  to  1800  between  K  and  c, 
it  is  right,  which  finishes  endosurea  I.  and  11. ;  then  take  off  fix>m 
the  scale  1700,  which  is  the  length  of  the  diagonal  from  L  to  N;  and 
if  the  distance  firom  N  to  c  answers  to  1440,  it  is  right ;   then 
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draw  in  the  fence  from  the  offset  at  N  to  the  comer  of  the  road 
near  c,  which  finishes  the  plotting  of  enclosure  III. ;  then  take  1820 
from  the  scale,  which  is  the  length  of  the  diagonal  from  c  to  O ;  if 
that  distance  answers,  draw  inr  the  fence  from  the  offset  at  O  to  the 
road  oppofflte  by  which  finishes  the  plotting  of  enclosure  IV. ;  thbn 
take  from  the  scale  1590,  which  is  the  length  of  the  diagonal  b  P ; 
if  it  answers,  draw  in  the  road  from  b  40  wide  to  ^,  and  also  the 
fence  from  the  mark  between  P  and  Q  to  ^,  which  finishes  enclosure 
y. ;  then  take  from  the  scale  1730,  which  is  the  length  of  the  dia- 
gonal Q  C ;  if  it  answers,  draw  in  the  fence  from  B  to  0,  which 
finishes  the  plotting  of  enclosures  VI.  and  VII. ;  then  take  1170, 
which  is  the  distance  from  Z  to  a  ;  at  140  lay  off  an  offset  of  110 
to  the  river ;  at  300  laj  off  an  offset  of  100  to  the  river ;  at  410 
lay  off  another  of  180  to  the  river ;  and  at  600  lay  off  another  of 
290 ;  then  draw  in  the  river  from  one  offset  to  the  other,  and  the 
river  about  two  chains  wide,  which  finishes  the  plotting  of  enclosure 
Vm. ;  begin  again  at  X,  and  take  off  from  the  scale  870,  which  is 
the  distance  from  X  to  d,  and  put  one  foot  of  the  compasses  in  X, 
and  sweep  an  arc  at  d;  then  take  860  from  the  scale,  and  put  one 
foot  of  the  compasses  in  Y,  and  intersect  the  arc  in  d;  then  lay  off 
an  ofiset  of  60  at  X,  also  one  of  50  at  340,  and  another  of  60  at 
600,  and  draw  in  the  river  from  o^set  to  offset,  from  X  to  c/,  and 
from  d  lay  off  the  offsets  taken  to  Y,  which  finishes  enclosure  IX. ; 
then  take  2150  from  the  scale,  whidi  is  the  length  of  the  diagonal 
from  B  to  e,  and  put  one  foot  of  the  compasses  in  B,  and  describe 
an  arc  at  e  ;  then  take  550  fr^m  the  scale,  and  put  one  foot  of  the 
compasses  in  C,  and  intersect  the  arc  at  e;  then  take  1300  from  the 
scale,  and  put  one  foot  of  the  compasses  in  e,  and  sweep  an  arc  at/; 
next,  take  1000  from  the  scale,  and  put  one  foot  of  the  compasses  in 
B,  and  intersect  the  arc  in//  then  take  off  from  the  scale  2200, 
which  is  the  length  of  the  diagonal  from  6  to  V ;  if  it  answers,  draw 
in  the  fence  from  C  to  e,  from  thence  to  the  mark  between  W  and 
X  to  the  river,  and  the  fences  from  eiofj  from /to  V,  and  froxa 
/to  B,  which  finishes  the  enclosures  X.  and  XI. ;  then  lay  off  from 
the  scale  630,  which  is  the  length  of  the  diagonal  across  the  yard 
from  T  to  S,  and  put  one  foot  of  the  compasses  in  T,  and  describe 
an  arc  to  the  comer  of  the  wood  at  S ;  then  take  fr^m  the  scale 
480,  and  put  one  foot  of  the  compasses  in  U,  and  bisect  the  arc  in 
S,  (in  measuring  from  T  to  S,  an  offset  was  taken  on  the  left  of 
330  at  280  to  the  comer  of  the  wood,  which  lay  off,  and  abo  100 
by  30,  the  length  and  breadth  of  the  house ;)  lastly,  draw  in  the 
house,  and  also  the  fences — ^which  finishes  the  wood  and   the 
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yard,  and  also  the  plotting  of  the  whole — ^which  should  be  carefully 
inked  in,  and  the  black  lead  lines  nibbed  out  with  a  piece  of 
bread  or  Indian  rubber.    Area  -«  172  acres,  3  roods,  36  poles. 

Different  surveyors  have  objected  to  measuring  toith  the  cAatn,  and 
assert  that  there  are  many  things  that  cannot  be  done  toith  i^,  such  as 
measuring  the  horizontal  distance  of  a  steep  bankj  ihe  distance  across 
a  unde  river ^  or  measuring  a  plantation  that  cannot  be  entered  on 
account  of  brushwood^  bramileSj  <tc,  A  land-measurer  that  is  well 
acquainted  in  measuring  toith  the  chain  can  overcome  aU  those  diffv" 
cuUieSj  notwithstanding  its  being  more  tedious  than  unth  a  theodolite. 
I  shall  now  suppose  a  steep  bank  is  to  be  plotted  upon  a  horizontal 
plane  upon  paper ^  which  must  be  done  correctly^  olJierwise  it  will  not 
join  to  other  parts  of  apian. 

This  figure  represents  a  steep  bank.  The  method  used  is  bj  taking 
a  short  length.  If  the  bank  is  not  very  steep,  take  half  a  chain's 
length ;  or,  if  very  steep,  take  25  links,  or 
less.  The  foremost  chain-man  ascends  the 
bank,  and  the  hindmost  chain-man  takes 
25  links,  or  a  quarter  of  the  chain,  and 
orders  the  foremost  man  to  stick  in  a  pin, 
while  the  hindmost  man  holds  the  chain  as  nearly  level  as  he  can 
guess.  Some  surveyors,  who  wish  to  be  still  more  correct,  have 
a  plumb,  that  they  allow  to  hang  over  a  mark,  which  makes  them 
certain  that  the  hand  is  exactly  over  the  mark  when  the  chain  is 
held  up  to  the  level  with  the  pin  stuck  in  the  bank  by  the  foremost 
man.  The  pliunb  is  made  with  a  piece  of  lead,  as  a  musket-ball, 
with  a  small  cord  fastened  to  it,  about  seven  feet  in  length,  and  is 
held  in  the  same  hand  that  the  chain  is  held  with,  which  the  hind- 
most man  carries  with  him,  and  observes  that  the  lead  always  hangs 
over  the  pins  which  the  foremost  man  sticks  in  the  face  of  tibe  bank. 
By  the  figure,  it  will  be  observed  that  there  were  eight  different 
pins  stuck  in  the  bank,  which  is  two  chains  horizontal  measure, 
whereas  the  measurement  of  the  slope  of  the  hill  is  two  chains  and 
40  links.  This  shows  the  necessity  of  plotting  plans  by  horizontal 
measure.  If  that  measure  is  not  allowed,  it  gives  too  little  measure 
for  the  adjoining  fields. 

This  figure  is  a  river,  of  which  it  is  requisite  to  have  the  ezactwidth, 
and  which  cannot  be  measured  across  on  account  of  its  width  and 
depth ;  and  we  will  suppose  the  surveyor  to  have  no  other  instrument 
but  the  chain.    I  shall  suppose  one  of  the  stations  is  at  A,  nearly 
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opposite  a  iree,  T,  dose  by  the  river  side.  The  method  of  obtainiag 
the  breadth  of  it  u  to  put  a  pole  in  at  the  station  A  and  another  at 
B,  nearly  opposite  the  tree ;  then  go 
any  length  you  please,  and  put  in  apok 
atDy  exactly  in  a  line  with  the  pole  in 
Aand  the  tree;  then  put  in  a  pole  at  C 
at  any  distance  you  please,  provided 
it  is  in  a  line  with  B  and  the  tree  on 
the  opponte  side  of  the  river.  When 
the  poles  are  all  placed,  measure  the 
distances  from  one  pole  to  another,  and 
inserteach  distance  on  an  eye-draught, 
and  measure  a  diagonal  from'A  to  C, 
or  from  B.to  D.  First  lay  oflF  the  '^i««  *>' 
distance  from  A  to  B  140  liiJcs ;  then  take  the  distance  225  from  A 
toD  fix>m  the  same  scale,  and  put  one  foot  of  the  compasses  in  A,  and 
describe  an  arc  at  D ;  then  take  the  length  of  the  diagonal,  frx>m  B  to 
D,  which  is  300,  from  the  same  scale,  and  put  one  foot  of  the  com- 
passes in  B,  and  intersect  the  arc  in  D,  which  fixes  that  point ;  then 
take  the  distance  from  B  to  C,  which  is  220,  and  put  one  foot  of  the 
compasses  in  B,  and  describe  an  arc  at  C ;  then  take  the  distance  from 
D  to  C,  which  is  310,  and  put  one  foot  of  the  compasses  in  D,  and 
intersect  the  arc  in  C ;  then  lay  a  ruler  upon  the  mariu  C  and  B, 
and  draw  a  line  across  the  river  fix>m  the  point  C  through  the 
point  B;  then  draw  another  line  fi^m  the  point  D  through  the 
point  A,  across  the  river ;  and  where  the  one  line  intersects  the  other, 
is  the  distance  across  the  river  to  the  tree ;  or  if  there  be  any  other 
distance  you  want  to  know,  suppose  the  church,  which  stands  a 
considerable  way  oS  the  river,  continue  the  line  C  D  160  to  F, 
in  the  line  of  the  tree  and  church ;  then  draw  from  F  a  line  through 
the  tree  to  the  church ;  produce  the  line  A  B  to  E,  in  a  line  with 
C  and  the  church,  and  measure  to  E  120  links ;  lay  a  ruler  upon 
C  and  E,  and  draw  a  line  towards  the  church ;  and  the  intersection 
of  the  other  line  is  the  distance  fit>m  the  tree  to  the  church.  If  you 
apply  a  pair  of  compasses  to  the  tree  and  the  intersection  at  the 
church,  and  lay  the  extent  upon  the  same  scale  the  rest  of  the  work 
was  plotted  by,  then  you  will  have  the  number  of  chains  and  links 
the  diurch  is  from  the  tree.  Thus  it  is  evident,  that  inaccessible 
distances  may  be  ascertained  with  a  diain  only. 

A  B  G  D  represents  a  coppice  of  wood,  which  we  will  suppose 
very  much  run  over  with  brushwood  and  brambles,  so  that  it  cannot 
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be  meftsored  through,  bi  diat  caae,  take  an  angje  with  the  chun, 
by  measnring  100  links  from  A  to  e,  keepingyoonelf  ina  line  with 

Hie  fence  A  D,  and  pat  in  a  mark  at  e ;  ^  )» ^ 

ibea  meamre  100  links  from  A  to/,  in  a 
line  with  the  fence  A  B,  and  measure  the 
distance  from  /  to  e,  which  is  180 ;  then 
measure  on  the  ont«de  of  the  wood  from  A 
to  B,  which  is  400,  and  from  B  to  C,  which 
is  &40,  and  from  G  to  D,  which  is  1100,  and 
from  D  to  A,  which  is  1000 ;  all  those 
distances  being'  carefully  inserted   either 

<Kk  an  eye-dranght  or  a  field-book.  To  plot  the  wood,  draw  a  line  at 
pleaaare,  to  represent  the  line  e  A  D ;  ibca  put  one  fbot  of  the  com- 
passes in  A,  and  sweep  an  arc  from  e  to^  after  having  taken  off  100 
links  from  a  large  scale;  then  take  off  180  links  frwmtbe  same  scale, 
pnt  one  foot  of  the  compasses  in  e,  and  with  the  other  cut  the  line  at// 
then  lay  a  ruler  upon  the  point  of  intersection  at/and  the  angle  of 
the  wood  at  A,  and  draw  the  fence  A  B,  and  with  the  distance  400 
lay  off  from  A  to  B,  by  any  scale  you  want  to  plot  the  wood  by, 
which  you  may  make  much  smaller  than  the  scale  used  for  laying 
down  the  angle;  then  take  the  distance  fivm  A  to  D,  which  is  1000 
links,  which  lay  off  upon  the  line  from  A  to  D  by  tbe  same  scale  you 
used  frtmi  A  to  B ;  dien  take  the  distance  of  the  line  B  C,  which 
is  840,  and  put  one  foot  of  the  compasses  in  B,  and  describe  an  arc 
at  C;  then  take  the  distance  frt>m  D  to  C,  which  is  1100 ;  next,  pot 
one  foot  of  the  compasses  in  B,  and  intersect  the  arc  at  C,  which 
gives  the  exact  shape  of  the  woo^. 

This  is  an  irregular  bog  or  marah,  whidi  is  veiy  wet  Krst  put  up 
poles  at  A,  B,  C,  and  I>.  It  is  necessary  that  an  angle  be  taken 
with  the  chun,  it  being  imposrable  to 
measure  a  diagonal  across  die  manh. 
First  measure  100  links  to  J,  in  a  line 
with  the  poles  A  and  D ;  then  measure 
out  100  Ihika  in  a  line  wiU)  the  pole  in  A 
and  the  pole  in  B,  and  put  in  a  mark  at^ ; 
measure  from  ff  to  k,  which  is  140  links; 
then  take  the  distance  from  jr  to  A  from  the 
scale,  and  with  one  foot  of  the  compasses 

in  <f  intersect  the  line  at  h ;  then  lay  a  mier  upon  the  point  in  A  and 
the  point  g,  and  draw  the  line  A  B ;  then  lay  a  ruler  apon  the  point  A 
and  the  point  A,  and  draw  the  line  A  D,  which  forms  the  angle  DAB. 
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The  distance  from  A  to  Bis  576,  fromB  toC  540,C  to  D  620,  and 
the  distance  from  D  to  A  is  580.  Those  distances  being  all  laid 
off  from  the  field-book  upon  a  plan,  you  have  then  to  lay  down 
the  offsets,  which  you  also  take  from  the  field-book,  in  the  same 
way  as  described  in  page  22.  After  all  the  offsets  are  pricked 
off,  draw  the  outline  of  the  bog  from  offset  to  offset,  all  round  till 
it  closes,  and  you  will  have  a  plan  of  it. 

The  passage  of  any  obstruction  in  tiie  course  of  tradng  a  long 
line  may  be  accomplished  by  going  off  at  a  right  angle  a  distance 
sufficient  to  pass  the  obstruction ;  at  right  angles  to  this,  or  parallel 
to  the  original,  a  distance  requisite  to  pass  it ;  then,  returning  at 
right  angles  the  same  distance  as  tiiat  first  measured :  the  chain 
will  then  be  on  the  original  line.  An  equilateral  or  isosceles 
triangle  formed  in  a  similar  manner  will  do  the  same  thing. 

Many  more  examples  might  be  given  for  taking  angles  witii  tiie 
chain,  and  for  measuring  very  irregular  pieces  of  land ;  but  what 
has  been  already  said  on  the  subject  shows,  that  pieces  of  land, 
however  irregular,  may  be  measured  with  the  chain,  a  few  poles, 
and  ten  pins,  without  tiie  aid  of  any  otiier  instrument. 


^ 


ART.  II.— OF  THE  CBOSS  STAFF. 

This  figure  is  the  representation  of  a  cross  staff — a  very  simple  but 
useful  instrument,  and  can  be  easily  procured.  Some  surveyors, 
particularly  in  the  inland  counties  of  England,  have 
the  top  very  finely  mounted  in  brass ;  others,  that  are 
very  partial  to  this  small  instrument,  have  them 
mounted  with  plain  sights,  resembling  those  on  a  com- 
mon theodolite,  and  prefer  it  to  the  best  instruments 
that  are  made,  and  use  no  other.  A  cross  staff,  made 
of  ash,  with  a  neatiy  turned  head,  answers  the  same 
purpose  as  well  as  those  that  use  them  mounted  in 
brass,  and  is  more  convenient  to  be  carried.  The 
circle  marked  a,  with  two  lines  crossing  one  another  at 
right  angles,  should  be  three  or  four  inches  in  diameter, 
and  sawn  across  with  a  fine  saw  about  half  an  inch 
deep,  and  about  the  sixteenth  part  of  an  inch  wide ; 
ft  is  a  socket  for  fixing  the  staff  to  the  cross ;  c  is  the 
point  of  the  staff,  shod  with  iron  for  sticking  it  in  the 
ground,  which  must  be  done  at  every  observation  that 
is  taken  with  it.  It  will  be  found  very  useful  in  taking  the  perpen- 
diculars to  offsets,  and  for  keeping  the  chain-men  in  a  line  between 
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two  objects  or  poles  in  measuring  from  one  station  to  another.  The 
cross  staff  always  gives  a  right  angle,  and  points  ont  exactly  that  part 
of  the  chain  when  you  are  opposite  any  bend  or  angle  to  a  fence  or 
boundary  you  want  to  take  an  offset  to ;  the  angle  which  the  fences 
make  with  one  another  can  be  ascertained  with  great  precision ;  and 
any  field,  however  intricate,  can  be  measured  with  it  and  the  chain. 
Although  in  some  fields  it  is  more  tedious  and  laborious  to  measure 
with,  and  draw  a  plan  from,  the  dimensions  taken  in  the  field,  than 
either  the  plain  table  or  theodolite ;  yet  any  piece  of  ground  can 
be  surveyed  with  the  cross  staff  and  the  chain  with  great  accuracy. 
The  staff  should  be  divided  into  links  (about  eight  only)  for  the 
purpose  of  measuring  small  offsets.  Four  links  make  an  easy 
pace,  sufficiently  accurate  for  many  ordinary  purposes. 

This  figure  represents  a  rectangular  or  carpenter's  square,  which  is 
made  use  of  when  you  protract  the  survey  taken  with  a  cross  staff, 
as  by  laying  one  edge  of  it  upon  any  line,  the  other 
^g^  gives  a  right  angle  or  perpendicular,  which  the 
cross  staff  gives  in  the  field ;  it  is  commonly  made 
about  8  or  9  inches  in  length,  but  if  longer  so  much 
the  better.  The  common  protractor  will  answer 
this  purpose  in  most  cases. 

This  figure  is  a  feather-edged  scale,  made  use  of  for  pricking  off 
distances  that  are  taken  in  the  field  when  the  survey  is  protracting, 
which  is  much  quicker  than  takmg  [hh|iiiimi  MMinj^miiiicyEq 
offthe  distances  with  compasses  from  liMiiiXninifhunnrifiiiiMiXiiMiugiimiifliiiiMnT 
a  scale  of  equal  parts.  Its  use  is  very  general  by  all  surveyors 
in  great  practice. 
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Suppose  you  want  to  take  the  angle 
B  A  E  in  the  field  with  the  cross  staff, 
stick  it  in  at  the  comer  of  the  fence,  and 
look  through  one  of  the  slits  upon  the 
head  of  the  staff  parallel  with  the  fence 
A  B  ;  then  look  through  the  opposite  slit, 
having  previously  sent  one  of  your  assis- 
tants forward  with  a  pole  a  few  chain 
lengths,  suppose  500  links ;  sign  to  him 
to  move  to  the  right  or  left  hand  till  you 
see  him  ;  there  cause  him  to  place  up  a 
pole  at  C ;  measure  to  that  pole ;  then 
remove  the  cross  staff,  and  stick  in  a  pole  where  it  stood  at  A,  and 
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set  up  the  staff  at  C,  where  your  assistant's  pole  was  placed ;  look 
through  one  of  the  slits  to  the  pole  left  at  A,  and  order  jour  aaeis- 
tant  to  go  to  the  fence  A  E  ;  and  cause  him  move  to  the  right  or 
left  till  jou  see  him  through  the  other  slit ;  then  measure  from  C 
to  the  fence  at  E,  which  is  160  links. 

To  protract  that  angle  upon  paper,  draw  the  line  A  B  at  pleasiire, 
and  apply  the  square  (see  page  33)  to  the  line  A  B ;  and  draw 
the  line  A  C,  which  is  perpendicular  with  A  B ;  with  the  feather- 
edged  scale,  or  a  pair  of  compasses,  prick  off  500,  the  length 
from  A  to  C ;  then  lay  one  edge  of  the  square  upon  the  line  A  C, 
and  the  other  edge  at  C  will  give  the  perpendicular  to  E ;  then  lay 
off  the  distance  from  C  to  E,  which  is  160,  and  make  a  mark  at  E ; 
then  lay  a  ruler^  or  the  edge  of  the  square,  upon  the  angle  A  and 
the  mark  at  E,  and  draw  the  fence,  which  gives  the  angle  B  A  E. 

Suppose  it  is  required  to  take  the  angle  E  D  H  with  the  cross  staff, 
which  is  less  than  a  right  angle,  stick  in  the  cross  staff  at  any  con- 
venient distance  upon  the  fence  E  D,  suppose  e 
at  G,  and  measure  from  G  to  D,  which  is  205 
links;  look  through  the  sight  or  slit  parallel  8 
with  the  fence  D  E  ;  then  look  through  the  other 
slit,  and  cause  one  of  your  assistants  to  go  with 
a  pole  towards  the  fence  D  H,  and  cause  him  to 
move  either  to  the  right  or  left  till  you  see  the  pole  which  he  fixes 
at  H  ;  measure  to  H,  which  is  326  ;  then,  upon  your  paper,  draw 
a  line  at  pleasure,  to  represent  the  line  D  E  ;  then  prick  off  205 
from  D  to  G,  and  lay  the  square  upon  the  line  D  E  and  the  angle 
of  the  square  at  G,  and  the  other  edge  will  be  the  perpendicular  to 
H  ;  lastly,  draw  in  the  fence  from  D  through  the  mark  at  H,  which 
gives  the  angle  E  D  H. 

This  figure  is  three  enclosures 
measured  with  the  chain  and  cross  ^ 
staff,  and  apian  made  out  of  those 
enclosures.  The  cross  staff  was 
placed  at  A,  and  a  distance  of  270 
links  measured  into  the  comer 
of  the  fence  at  e ;  another  line 
was  measured  from  A  to  ^  560, 
the  other  comer,  which  is  per- 
pendicular with  the  line  A  B  ;  in 
measuring  the  line  A  B,  crossed 
a  hedge  at  720,  and  continued 
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the  same  line  to  B,  which  is  1220.  The  cross  staff  was  set  up  at  B, 
and  a  back  sight  taken  to  A,  and  a  fore  sight  taken  to  C,  bj  looking 
through  one  slit  to  A  and  the  other  slit  to  C,  which  is  perpendicular 
with  the  line  A  B,  and  the  distance  measured  to  C,  which  is  660. 
The  staff  was  set  up  at  O,  and  a  back  sight  taken  to  B,  and  a  fore 
sight  to  D,  which  is  perpendicular  with  the  line  B  C ;  an  offset  was 
taken  at  C  of  262  to  the  comer  of  a  hedge  at  A.  In  measuring 
the  line  C  D,  crossed  a  hedge  at  300,  (where  a  mark  was  left ;)  at 
700  an  offiet  was  taken  of  80  to  the  comer  of  a  straight  hedge, 
which  was  crossed  on  the  line  A  B,  and  the  distance  to  D  is  1120, 
and  an  offset  of  100  was  taken  to  the  fence  on  the  right,  and 
another  to  the  fence  opposite  of  80,  which  set  down  on  an  eje- 
draught,  as  well  as  all  the  other  offsets  and  distances  that  are  taken. 

Set  up  the  cross  staff  in  D,  and  take  a  back  sight  to  C,  and  a 
fore  sight  to  E,  by  looking  through  the  slits,  which  are  perpendi- 
cular with  the  line  C  D ;  measure  to  E,  which  is  980 ;  then  measure 
to  F,  which  is  1000;  from  thence  to  the  mark  left  where  you 
crossed  the  hedge  at  300  on  the  line  CD,  which  is  870 ;  at  F  an 
offset  was  taken  of  100,  which  is  in  a  line  with  the  line  B  C.  All 
the  above  distances  being  inserted  on  an  eye-sketch,  I  now  have  to 
show  the  method  of  making  out  a  plan  from  the  eye-draught  that 
was  kept  when  the  survey  was  taken. 

Draw  a  line  at  pleasure  to  represent  the  line  A  B ;  choose  any 
scale  you  think  proper,  suppose  two  chains  to  an  inch ;  lay  the 
interior  angle  of  the  square  upon  the  point  A  ;  and  by  laying  one 
edge  of  it  upon  the  line  A  B,  the  other  edge  will  give  the  perpen- 
dicular to  g ;  then  with  a  pair  of  compasses  take  off  560  from  the 
scale,  and  lay  that  distance  off  from  the  point  A  to  ^ ;  then  lay  off 
270  from  A  to  the  comer  of  the  hedge  at  e ;  draw  in  the  fence 
from  6  to  ^ ;  then  lay  off  the  distance  of  720,  and  make  a  mark 
where  the  Hue  A  B  crossed  a  hedge ;  then  lay  off  1220,  which  is 
the  whole  distance  from  A  to  B ;  then  lay  the  edge  of  the  square 
upon  the  line  A  B,  and  the  interior  angle  of  it  upon  the  point  B, 
and  the  other  edge  will  give  the  perpendicular  to  C,  which  draw  in 
with  a  black  lead  pencil ;  then  lay  off  the  distance  upon  the  line  B  C, 
which  is  660,  and  also  the  offset  of  262  at  A  to  the  comer  of  the 
enclosure ;  then  draw  in  the  fence  from  e  close  by  A  to  B ;  from 
thence  to  A,  and  lay  the  edge  of  the  square  upon  the  line  B  C,  and 
with  the  other  edge  draw  the  peipendicular  to  D ;  then  lay  off  the 
dbtance  by  the  scale  and  compasses  from  C  to  where  the  line 
crossed  the  hedge  at  300,  which  mark  with  the  point  of  the  com- 
passes, or  a  black  lead  pencil ;  then  lay  off  700,  where  an  oflGwi 
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was  taken  to  the  corner  of  a  hedge  of  80,  which  offset  nuirk;  then 
from  the  same  scale  lay  off  the  distance  from  C  to  D,  which  is  1120; 
and  also  the  offset  of  80,  and  another  of  100  to  the  fence ;  draw  in 
the  fence  from  the  comer  athtog]  you  also  draw  in  the  fence  from 
the  offset  at  80  to  the  mark  made  at  720  on  the  line  A  B,  which 
finishes  two  of  the  enclosures ;  then  lay  the  edge  of  the  square  upon 
the  line  D  C,  and  the  other  edge  gives  the  perpendicular  to  E ;  lay 
off  the  distance  from  D  to  E,  which  is  980 ;  then  draw  the  fence 
from  ^  to  E,  and  take  off  with  the  compasses  1000,  which  is  the 
distance  from  E  to  F,  and  on  E  describe  an  arc  at  F ;  then  take 
the  distance  from  the  scale  from  F  to  the  mark  left  at  300  on  the 
line  C  D,  which  is  870 ;  by  placing  one  foot  of  the  compasses  in 
that  mark  the  other  will  bisect  the  arc  in  F ;  then  draw  the  fence 
from  E  to  F,  and  from  F  to  the  mark  at  300  on  the  line  C  D, 
which  finishes  the  outline  of  the  three  enclosures.  A  short  line  of 
100  was  measured  from  F  to  t,  merely  to  try  how  the  line  corre- 
sponded with  the  line  B  C ;  and  it  was  found  to  be  right.  The 
fences  ought  to  be  drawn  in  with  ink,  and  all  the  pencil  lines 
rubbed  out  with  bread  or  Indian  rubber. 


1 .1  I  1  1  I  I  I  I 


This  figure  represents  the  farm  of  Monklaw,  which  consists  of 
twelve  endoBures,  measured  with  the  diain  and  the  cross  staff.  I  began 
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at  A  on  the  line  A  B,  and  a  perpendicular  taken  to  F  of  400,  an 
ofeet  of  200  at  400  on  the  line  A  B  to  the  brook ;  at  930  a  per- 
pendicular was  measured  to  a  to  the  comer  of  a  hedg^ ;  in  measur- 
ing to  a  crossed  the  brook  or  rivulet ;  at  140  an  offset  was  taken 
of  120,  opposite  880,  to  a  comer  of  an  enclosure ;  and  the  whole 
distance  to  a  is  1420  to  the  angle  of  the  enclosure  No.  I.  (all  of 
which  distances  I  insert  in  my  eye-draught.)     Returned  to  930, 
and  continued  measuring  the  line  A  B ;  at  1 130  an  offset  was  taken 
of  100  to  the  brook,  where  a  hedge  goes  off,  and  crossed  the  brook 
at  1600;  at  1900  crossed  a  straight  fence,  where  an  offset  was 
taken  of  220  to  the  brook,  which  is  the  boundary  of  the  farm  ;  at 
2405  an  offset  to  the  brook  of  30,  at  2700  one  of  170  to  the  brook ; 
and  the  whole  distance  from  A  to  B  is  3106,  where  another  offset 
was  taken  to  the  brook  of  150.     The  cross  staff  was  placed  at  B, 
and  a  back  sight  taken  to  A  and  a  fore  sight  to  C,  by  looking  through 
one  slit  to  A,  and  through  the  other  to  C^  which  gives  the  perpen- 
dicular from  the  line  AB  to  C ;  at  B  an  offset  of  160  to  the  river ; 
at  830,  close  by  the  river  Frome,  where  a  fence  is  crossed  upon 
the  line  B  C,  and  crosses  another  hedge  at  1620,  and  an  offset  of 
50  to  the  river  at  2300,  another  offset  of  20  to  the  river,  and  the 
whole  distance  to  C  is  3100  (inserted  in  my  field-book  or  eye- 
sketch.)     Again  an  offset  was  taken  of  160  to  the  river  at  C, 
and  another  of  400  to  the  comer  of  the  river  and  a  fence ;  the 
cross  staff  was  placed  at  G,  and  a  back  sight  taken  to  B,  and  a 
fore  sight  or  perpendicular  to  D  (which  is  always  known  when  your 
assistant  is  seen  through  the  other  slit,)  where  he  fixes  his  pole,  by 
the  observer's  directions,  either  to  the  right  or  left,  till  he  is  exactly 
perpendicular,  when  he  is  desired  to  stick  in  his  pole.     In  measur- 
ing the  line  C  D  a  fence  is  crossed  at  200,  at  420  an  offset  of  300 
is  taken  to  an  angle  in  the  fence,  at  620  a  perpendicular  is  taken 
to  the  river,  which  is  1130,  and  an  offset  to  the  fence  of  200;  at 
1220  set  up  the  cross  staff,  and  take  a  perpendicular  along  the  road 
to  the  river,  which  is  1240;  at  1250  crossed  the  fence,  at  2140  the 
cross  staff  is  set  up,  and  a  perpendicular  taken  to  the  river;  at  330 
crosses  a  fence,  and  it  is  920  more  to  the  river ;  at  2400  crosses  a 
fence,  and  the  whole  length  of  the  line  C  D  is  3600,  which  insert, 
and  all  other  distances  that  are  taken  in  measuring  the  different 
lines;  set  up  the  cross  staff  in  D,  take  a  back  sight  to  C,  and  a  * 
perpendicular  to  E,  also  a  perpendicular  to  the  river  Frome;  crosses 
a  fence  at  120,  and  it  is  1070  more  to  the  river,  where  the  fence 
leaves  it ;  at  D  is  an  offset  to  the  boundary  of  280.     In  measuring 
the  line  D  E,  crosses  a  fence  at  700,  where  there  is  an  offset  of  90 ; 
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crosses  another  fence  at  140Q,  and  an  offset  200  taken  to  the 
boundary ;  the  whole  distance  from  D  to  E  is  2700 :  fix  the  cross 
staff  in  E,  and  take  a  back  sight  to  D,  and  a  perpendicular  to  F, 
and  measure  the  distance  to  F,  which  is  500,  which  enter  in  the 
ejo-draught,  and  write  Closes  at  F.  Set  every  distance  carefully 
down  in  the  field-book  or  eye-sketch :  you  need  not  mind  whether 
the  eye-sketch  is  very  like  the  ground,  only  make  it  in  such  a  way 
as  to  give  yourself  a  just  idea  of  what  you  are  doing,  and  be  care- 
ful to  make  the  figures  legible,  and  to  mark  the  offsets  distinctly 
and  where  they  were  taken  at. 

I  shall  now  point  out  the  method  of  making  out  a  plan  from  the 
dimensions  taken  in  the  field,  and  inserted  in  the  field-book ;  and 
afterwards  the  maimer  in  which  the  enclosures  are  to  be  finished 
that  are  not  already  completed. 

The  mode  of  laying  off  the  perpendiculars  having  been  already 
particularly  mentioned  in  the  last  three  figures,  a  repetition  in  what 
immediately  follows  would  be  superfluous. 

First,  a  perpendicular  was  taken  from  A  to  F,  and  the  distance 
600  measured  to  F ;  500  must  be  taken  from  a  scale  of  equal  parts, 
and  laid  off  from  A  to  F ;  a  perpendicular  was  taken  upon  the  line 
A  B  at  400,  an  offset  of  200  to  the  brook,  another  at  930  to  the 
comer  of  a  hedge,  where  the  brook  was  crossed  at  140,  and  an 
offset  taken  at  880  of  120  to  the  comer  of  a  hedge,  the  whole  dis- 
tance to  a  is  1420 ;  lay  all  those  distances  off,  also  1130,  and  the 
offset  of  100  to  the  brook ;  then  sketch  in  the  brook  with  a  black 
lead  pencil  from  F  to  the  offset  of  200,  from  thence  to  where  the 
brook  was  crossed  at  140,  and  to  the  offset  of  100  at  the  comer  of 
the  fence ;  then  draw  in  the  fence  from  that  comer  to  a,  and  make 
a  mark ;  then  lay  off  1600  at  crossing  the  brook,  and  1900  where 
the  line  crossed  a  straight  hedge,  and  an  offset  of  220  to  the  brook; 
lay  off  those  distances,  and  draw  in  the  brook  to  where  it  was 
crossed  at  1600,  from  thence  to  the  offset  at  220 ;  then  lay  off 
2405,  and  the  offset  30,  also  the  offset  of  170  at  2700,  and  the 
whole  distance  from  A  to  B  3106,  and  the  offset  of  150  to  the 
brook ;  then  sketch  in  the  brook  from  220  to  30,  fit)m  thence  to 
170,  and  from  thence  to  the  offset  taken  at  B  to  the  brook  of  150 ; 
then  lay  off  upon  your  plan  a  perpendicular  line  with  the  square 
from  B,  and  lay  off  the  offset  to  the  river  of  160,  and  make  a  mark 
where  the  line  crosses  the  hedge  at  830,  and  draw  in  the  river  from 
160  to  830,  which  river  is  about  150  links  wide ;  lay  off  1620,  and 
make  a  mark  where  you  crossed  the  fence  and  the  offset  of  50,  also 
lay  off  2300  and  the  offset  20 ;  then  the  whole  length  of  the  line 
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B  C,  which  is  3100,  and  the  offsets  160  and  400 ;  next,  draw  in 
the  river  from  830  to  the  offset  50,  from  thence  to  the  offset  20, 
thence  to  160,  and  from  thence  to  400 ;  observe  the  sand  bank  on 
the  other  side  of  the  river  opposite  the  offset  of  20,  that  was  taken 
at  2300 ;  from  C  Uj  off  a  perpendicular  to  D,  on  the  line  C  D  lay 
off  from  the  same  scale  200,  where  you  cross  a  fence  at  420,  laj  off 
the  offset  300  to  the  fence ;  at  620  a  perpendicular  was  taken  to 
the  river  of  1130,  and  an  offset  to  the  fence  of  200;  draw  in 
the  fence  from  the  water  to  where  the  fence  was  crossed  at  200, 
from  thence  to  the  angle  of  the  fence  at  300 ;  then  to  the  o£bet  of 
200  taken  at  620;  you  may  also  sketch  in  the  river  from  the 
comer  of  the  hedge  to  the  mark  left  at  the  river  at  the  end  of  the 
perpendicular,  which  measured  1130;  lay  off  1220,  and  a  perpen- 
dicular to  the  river,  and  the  distance  1240  along  a  road  whidi  is 
20  links  wide,  and  draw  in  the  river  from  the  mark  at  the  end  of 
the  perpendicular  at  1130  to  the  mark  at  1240;  lay  off  another 
perpendicular  from  2140  to  the  river,  and  mark  330  at  crossing 
the  hedge,  and  lay  off  920  more  to  the  river;  then  lay  off  from  the 
scale  2400  at  crossing  a  hedge,  and  lay  off  the  whole  length  of  the 
line  from  C  to  D,  which  is  3600,  and  the  offset  280  to  the  boundary; 
lay  off  another  perpendicular  from  D  to  the  river,  which  is  exactly 
at  where  the  boundary  joins  the  river ;  and  from  the  scale  take 
first  off  120  where  it  crosses  the  hedge,  and  1070  more  to  the  edge 
of  the  river ;  you  may  now  draw  in  the  river  from  the  bottom  of 
the  road  to  the  mark  at  920,  from  thence  to  where  the  boundaiy 
joins  the  river  Frome,  which  is  about  150  links  wide ;  also  draw  in  the 
fence  from  1220  to  the  offset  330,  from  thence  to  120,  and  continue 
that  line  forward  to  the  boundary,  which  is  300  beyond  where  the 
hedge  was  crossed ;  at  120  lay  a  perpendicular  off  with  the  square 
from  D  to  E,  lay  off  from  D  700,  where  the  fence  was  crossed,  and 
also  an  offset  of  90  to  the  boundary ;  then  lay  off  from  the  scale 
1400  at  crossing  the  fence,  and  an  ofiset  of  200  to  the  boundary ; 
then  lay  down  the  whole  distance  from  D  to  E,  which  is  2700 ; 
you  may  now  draw  in  the  boundary  from  the  river  to  the  hedge  at 
300,  from  thence  to  280,  and  -from  280  to  the  offset  at  90,  from 
thence  to  the  offset  at  200,  and  from  200  to  E ;  then  lay  off  a 
perpendicular  and  the  distance  500  from  E  to  F,  where  the  line 
closes ;  then  draw  in  the  brook  to  F,  which  finishes  the  whole  of 
the  outline  of  the  farm.  If  the  distance  meets,  wliich  it  will  do  if 
all  the  distances  have  been  right  measured,  and  the  lengths  taken 
exactly  from  the  scale  with  the  compasses,  you  may  rest  assured 
all  is  right,  so  far  as  is  done. 
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I  now  come  to  point  out  how  to  finish  the  measurement  of  tlie 
endoBures  which  were  not  finished  in  going  round  the  farm. 

First,  look  out  for  the  mark  you  left  at  a,  which  is  In  the  comer  of 
the  enclosure  No.  1,  and  walk  along  that  hedge,  and  put  up  the 
cross  staff"  along  the  fence,  and  try. it  several  times  till  the  perpen- 
dicular cuts  the  comer  of  the  fence  at  h ;  then  measure  from  the 
cross  staff  to  a,  which  is  180,  and  the  distance  to  i  is  740 ;  both  of 
those  distances  set  down  on  your  eye-draught ;  then  stick  up  the 
cross  staff  near  the  fence,  so  as  you  can  see  parallel  with  it  as  far 
as  the  boundary  :  if  you  cannot  see  the  angle  of  the  enclosure  at  d 
at  the  first  trial,  move  yourself  along  the  fence  till  you  do  see  it ; 
then  measure  the  distance  into  &,  which  is  230,  and  the  perpendi- 
cular to  the  cross  hedge  at  J,  which  is  1035;  insert  these  distances; 
then  go  to  the  mark  at  1220,  on  the  line  C  D,  and  measure  up 
towards  the  houses,  which  is  980,  to  the  end  of  the  building,  which 
mark,  and  also  the  breadth  of  the  house,  which  is  30  links,  and  the 
breadth  of  the  road  30,  and  the  far  end  of  the  house  is  1070 ;  insert 
1275  to  the  next  house,  and  1300  to  the  upper  side  of  it,  and  an 
offset  of  190,  which  is  its  length  ;  at  1430  crossed  a  hedge,  and  at 
1820  an  offset  was  taken  across  the  yard  of  200 ;  at  2200  crossed 
a  hedge,  and  3260  is  the  length  of  the  whole  line  from  the  mark  at 
1220  to  the  brook ;  then  go  back  to  the  houses,  and  measure  30  for 
the  breadth  of  the  road,  30  more  for  the  breadth  of  the  house,  and 
90  for  the  whole  width  of  the  yard,  all  of  which  distances  being 
inserted  on  the  eye-sketch. 

I  now  come  to  point  out  what  way  to  plot  upon  the  plan  the 
enclosures  which  were  not  plotted  when  the  outline  of  the  farm  was 
made.  Begin  at  the  comer  a  in  No.  1 ;  lay  off  180  fi-om  a  to  where 
a  perpendicular  was  taken,  to  the  cross-hedge  b  ;  lay  off  that  per* 
pendicular,  and  the  distance  740  upon  it ;  then  lay  off  the  distance 
fi"om  6,  230,  to  where  a  perpendicular  was  taken  to  rf,  which 
distance,  1035,  lay  off  with  the  scale ;  then  lay  a  ruler  upon  the 
points  a,  J,  and  rf,  and  continue  that  line  to  the  river ;  then  lay  a 
ruler  upon  the  comer  a,  and  the  mark  upon  the  line  D  E  at  1400, 
and  draw  that  line  into  the  angle  of  the  boundary  at  200  ;  then  lay 
a  ruler  upon  the  point  i,  and  the  mark  left  at  700  on  the  line  D  E, 
which  will  reach  to  the  boundary  at  the  offset  90 ;  lay  a  ruler  upon 
the  point  d^  and  see  if  it  answers  the  former  line ;  if  it  does,  this 
finishes  Nos.  1,  2,  3,  and  4;  then  draw  a  line  from  the  house,  on 
the  opposite  side  of  the  road,  at  980,  to  i,  which  finishes  No.  7 ; 
then  draw  a  Une  from  1420  above  the  house,  to  where  the  hedge 
was  crossed  at  1620;  and  an  ofiset  taken  of  60  on  the  line  B  C  to 
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the  river ;  then  lay  a  ruler  on  the  point  where  an  offset  was  taken 
of  120  at  880,  on  the  perpendicular  to  a,  from  the  line  A  B  at  930, 
and  draw  the  fence  through  the  mark  where  it  was  crossed  on  the 
line  B  C  at  830:  this  will  finish  enclosure  No.  9,  10,  11,  and  5. 
ISfext,  lay  off  200  from  the  scale,  from  the  road  at  the  underside  of 
the  house  towards  &/  then  draw  a  line  from  the  offset  of  200,  that 
was  taken  across  the  yard  fix>m  1820,  and  draw  in  the  line  of  the 
yard,  which  finishes  No.  6  ;  lay  off  all  the  short  distances  about  the 
houses  from  the  dimensions  on  the  eye-draught,  and  it  is  completed. 
The  enclosures  8  and  12  were  done  when  the  perpendiculars  and 
ofisets  were  taken  on  the  line  C  D.  After  having  drawn  all  the 
fences,  the  brook,  and  river,  &c.,  with  ink,  rub  out  all  the  black-lead 
lines,  and  you  will  have  an  exact  outline  of  your  plan. 

Particular  care  should  be  taken,  if  the  assistants  at  any  time 
should  get  into  hollow  ground,  where  they  may  lose  sight  of  the 
poles,  or  station  staffs.  In  measuring  a  long  line — which  frequently 
happens,  the  cross  staff  being  easily  fixed  in  the  ground — by  looking 
back  to  one  pole  through  the  slit,  and  forward  to  the  other,  fi*om  a 
rising  ground  where  the  poles  are  both  seen,  the  assistants  measure 
forward  to  the  cross  staff  till  they  perceive  the  poles.  This  instru- 
ment is  of  great  service  to  land-measurers  who  make  use  of  a 
theodolite,  for  laying  off  the  perpendiculars  in  the  field,  to  the  bends 
and  angles  of  fences,  which  saves  them  the  trouble  of  inserting  the 
bearing  that  they  otherwise  would  have  to  take,  had  they  no  cross 
staff:  this  instrument  invariably  gives  a  right  angle.  It  has 
another  property  I  have  frequently  found,  that  of  saving  much  time 
in  the  field :  for  example,  when  I  have  been  using  a  theodolite,  a 
hush  or  small  height  sometimes  prevented  me  from  seeing  a  pole 
which  could  not  be  perceived  from  one  station  to  another;  by 
ordering  one  of  my  assistants  to  go  forward,  and  put  himself  in  a 
line  with  the  two  poles  with  the  cross  staff,  (which  he  can  soon  do, 
hy  removing  it  to  the  right  or  left,  till  both  station  staffs  are  seen 
through  the  slit,)  I  then  measure  the  distance  which  is  in  a  line 
with  the  pole  I  am  measuring  to.  More  might  be  advanced  in 
favour  of  the  utility  of  the  cross-staff,  but  what  has  been  ab'eady 
explained  is  deemed  sufficient  for  an  attentive  student. 


ART.  III.— OF  THE  PLAIN  TABLE. 

Thisfigure,l,  is  the  representation  of  a  plain  table.   A,  2,  represents 
the  upper  side  of  the  table,  20  inches  by  14,  upon  which  a  sheet  of 
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paper  is  fixed,  containing  the  representation  of  a  reduced  plan  o£ 
figure  4th.  B  is  a  compass-box  with  a  magnetic  needle,  K  is  the 
index,  and  1 1  the  sights,  which  are  1- 

fixed  at  each  end,  D  is  the  junction 
of  the  legs  which  support  the  table, 
fastened  bj  three  brass  screws  at  the 
head  to  keep  them  together,  but,  at 
the  same  time,  not  so  tight  but  to 
allow  the  legs  to  move  easilj  out 
and  in.  The  head  to  which  the 
legs  are  attached  is  commonly  made  of  boxwood,  the  table 
and  legs  of  mahogany.  The  paper  is  fixed  to  the  table  with  a 
frame.  3  represents  the  under  side  of  the  table,  <2  is  a  brass 
socket  fastened  with  three  screws,  the  socket  projecting  out  about 
2  inches,  which*  goes  on  to  the  cone  at  the  top  of  the  legs,  and 
is  made  fast  to  them  by  the  screw  e.  The  index  1 1  is  movable, 
and  only  laid  upon  the  view  of  the  table,  to  represent  the 
method  of  using  it  when  an  angle  is  taken :  it  is  commonly  made 
of  brass,  about  18  or  20  inches  long ;  the  sights  are  also  of  brass, 
about  5  inches  high.  From  the  end  of  the  index,  in  each  of  the 
sights,  there  is  a  small  and  large  aperture,  or  slit,  one  over  the 
other.  Kthe  aperture  be  undermost  in  one  sight,  it  will  be  upper- 
most in  the  opposite,  and  vice  versa.  The  plain  table  can  be 
purchased,  with  all  its  apparatus,  from  any  of  the  mathematical 
instrument  makers,  from  four  to  five  guineas.  The  wood-work 
may  be  made  by  any  carpenter,  and  the  otiiier  work  by  a  brass- 
founder  ;  the  magnetic  needle  may  be  had  at  any  of  the  watch- 
makers in  any  seaport  town  that  are  in  the  practice  of  repairing 
mariners'  compasses:  but  it  is  conmionly  much  more  complete  when 
had  from  a  i^r^u^tical  instrument  maker.  Surveying  by  the 
plain  table  is  a  very  expeditious  method,  as  every  angle  taken  is 
plotted  in  the  field,  and  all  the  distances  laid  off  by  scale  and  com- 
passes. Even  the  fences  may  be  all  drawn  with  a  pencil  upon  the 
paper  (that  is  put  upon  the  table)  at  the  same  time,  and  such  lines 
only  might  be  inked  as  you  wish  to  insert  upon  the  plan. 

This  useful  instrument  is  so  simple  in  itself,  that  any  person  with 
a  little  practice  may  survey  with  it.  However,  a  fiirther  explar 
nation,  including  the  method  of  using  it,  will  be  essentially 
necessary  to  the  young  surveyor. 

^he  table  is  made  of  a  smooth  board,  in  the  form  of  a  sheet  of 
demy  paper,  and  sometimes  made  as  large  as  to  hold  a  sheet  of 
royd.     The  frame  that  is  made  to  keep  the  paper  fast  upon  the 
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table  is  taken  off,  and  the  paper  should  be  made  wet  with  a  sponge 
previooB  to  its  being  laid  upon  the  table,  and  the  frame  put  over 
it,  which  keeps  it  tight :  when  the  paper  drys,  it  will  be  so  con- 
tracted as  to  leave  it  quite  smooth  upon  the  table.  To  keep  the 
frame  also  fast  upon  tbe  table,  four  pieces  of  brass  are  fastened 
to  the  frame,  marked  mmmm,  which  goes  through  four  holes 
through  the  frame,  and  agfun  fastened  with  four  pins,  that  go 
through  holes  made  in  the  four  pieces  of  brass,  which  keeps  the 
frwne  fast  upon  the  table:  the  index  is  chamfered  off  on  one  side 
like  a  Gunter's  scale.  In  the  lower  part  of  one  sight  ia  a  vertical 
or  upright  slit  about  an  inch  and  a  half  in  length,  and  in  the  other 
opposite  is  a  wide  opening,  where  a  hair,  or  piece  of  silk  thread, 
ia  fixed  exactly  vertical  in  the  centre  of  the  wide  opening,  to  cut 
the  object  when  you  look  through  the  slit  next  the  eye.  In  the 
opposite  sight,  tbe  slit  is  made  on  the  uppermost  part  of  the  ^t, 
and  the  wide  opening  in  the  undermost  part  of  the  sight,  and  the 
vertical  hiur  placed  exactly  in  the  centre ;  so  that  the  aperture  on 
one  sight  is  at  the  lower  part  in  one  sight,  and  vice  versa -at  the 
slit.  In  general,  a  few  scales,  of  different  uzes,  are  engraved  upon 
the  upper  side  of  the  index ;  any  of  which  you  choose  you  may 
plot  the  survey  by,  as  every  distance  must  be  lud  off  by  scale  and 
compasses  on  the  spot.  lie  legs  of  the  plain  table  ^ould  be  a 
convenient  height  to  support  the  table,  and  made  so  as  to  move 
out  and  in,  which  allows  the  table  to  be  planted  high  or  low  to  the 
height  wanted.  I  shall  now  give  one  general  rule  how  it  ought 
to  be  placed  at  each  place  it  is  set  up  at. 


To  use  the  plain  table. — I.  PUce  the  table  as  nearly  horizontal 
as  yon  can  guess,  by  moving  the  legs  out  or  in  to  the  height  you 
want  it,  and  turn  the  table  round  by  the  socket,  upon  the  top  of 
the  three  legs,  till  the  north  end  of  the  needle  points  over  the 
few  de  lis,  in  the  compass  box.  The  long  way  of  tbe  table  will 
be  always  north  and  south,  the  short  way  always  east  and  west ; 
and  before  an  observation  is  taken,  screw  the  instrument  fast  with 
the  screw  in  the  socket  to  the  cone  at  the  top  of  the  legs,  which 
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should  have  a  strong  ferrule  put  upon  it,  made  of  brass,  at  least 
one-sixth  of  an  inch  thick,  with  a  groove  cut  out  a  little  for 
the  screw  to  go  into,  which  will  keep  the  table  from  slipping  off 
the  ferrule,  when  it  is  removed  from  one  station  to  another. 

Place  the  table  as  before  directed,  and  observe  that  the  needle 
settles  over  the  fleur  de  Its ;  then  screw  it  fast  at  A,  where  you 
begin ;  lay  the  cham-  ^  ^ 

fered  edge  of  the  index  ?  Ydio r^^-..:-:::; 

upon   the   station  at  \^       jg  j  iaoT----...  f 

A,  and  look  through        *"  "  ^* 

the  sight,  and  find  out 
the  pole  placed  in  E 
and  the  hair  in  the 
sight  to  coincide,  and 
draw  the  line  A  E 
with  a  black  lead 
pencil  «or  the  point  of  the  compasses,  and  lay  off  the  distance 
from  any  scale  you  have  fixed  upon,  which  suppose  510  from  A 
to  E ;  you  then  lift  the  index,  and  lay  the  chamfered  edge  of 
the  index  upon  the  point  A,  and  take  a  bearing  to  B,  which 
you  will  know  when  you  see  the  hair  in  the  sight  and  the 
pole  placed  in  B  to  coincide :  then  draw  the  line  A  B,  and  lay 
off  the  distance  from  the  same  scale  from  A  to  B,  which  is  1040 ; 
you  then  remove  the  table  from  A,  and  plant  it  at  B ;  loose  the 
screw  e,  3,  a  little  that  holds  the  table  fast  to  the  legs,  and  lay  the 
thin  edge  of  the  index  upon  the  last  line  you  drew  upon  the  paper, 
which  is  the  line  A  B,  and  take  a  back  sight  to  A ;  the  longer 
the  lines  are  drawn  the  better,  as  you  can  lay  the  index  with  more 
exactness  upon  a  long  line  than  a  short  one.  Hold  the  index  fast 
after  it  is  laid  exact  upon  the  line  B  A,  and  move  the  table 
roimd  till  you  see  the  hair  in  the  index  and  the  pole  in  A  to  coin- 
cide ;  then  screw  it  fast  as  before  with  the  screw  6,  and  turn  the 
index ;  then  lay  the  thin  edge  of  it  over  the  point  at  B,  and  when 
you  see  the  hair  in  the  telescope  and  a  pole  placed  in  C  to  coincide, 
draw  the  bearing,  and  lay  off  the  distance  with  the  scale  and  com- 
passes frt>m  B  to  C,  which  is  720.  Before  drawing  the  line,  observe 
that  the  index  has  not  moved  frx)m  the  line  it  was  laid  upon.  When 
you  take  a  back  sight  while  turning  the  table,  if  it  should  lay  it  upon 
the  line  again,  look  to  the  back  pole,  and  turn  the  table  till  you  see 
the  hair  and  the  pole  to  coincide  exactly ;  then  screw  the  table 
fast,  and  lay  the  chamfered  or  thin  edge  of  the  index  on  the 
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point  C ;  next,  move  the  index  till  you  see,  through  the  sight,  the 
croBS  hair  and  the  pole  in  D  to  coincide ;  lay  off  the  distance  C  to 
D,  which  is  600,  from  the  same  scale  the  rest  of  the  work  is  plotted 
by ;  again,  plant  the  table  up  at  D,  and  loose  the  screw  in  the 
socket  e  a  little,  and  lay  the  thin  edge  of  the  index  on  the  line 
C  D,  and  take  a  back  sight  to  C ;  here  screw  it  fast ;  next  take 
a  bearing  from  D  to  E :  if  it  answers,  and  also  the  distance  to 
612,  which  is  the  length  from  D  to  E,  you  are  certain  of  having 
made  no  error  either  in  measuring  the  distances  or  in  taking  the 
angles. 

The  next  thing  to  be  done  is  to  plant  the  instrument  up  in  6,  and 
lay  the  edge  of  the  index  on  the  line  B  A ;  then  turn  the  table 
round  till  you  see,  through  the  index,  the  pole  placed  in  A. and  the 
vertical  hair  in  the  sight  to  coincide;  screw  it  fast  by  the  screw  in 
the  socket,  and  the  table  will  be  in  the  same  position  it  was  in  when 
it  was  planted  in  B  as  before ;  you  can  also  know  by  the  needle 
if  it  settles  over  the^/2eur  de  lia^  which  it  will  always  do  if  there  are 
no  metallic  substances  to  attract  it. 

Then  lay  the  thin  edge  of  the  index  on  the  point  at  B,  and  take 
a  bearing  to  F,  and  lay  off  the  distance,  which  is  900,  from  B  to  F ; 
then  plant  the  instrument  in  F,  and  lay  the  thin  edge  of  the  index 
upon  the  line  F  B,  and  turn  the  table  round  till  you  see  the  pole  in 
B  and  the  hair  in  the  sight  to  coincide ;  then  screw  it  fast,  and  lay 
the  index  upon  the  point  at  F.  and  take  a  bearing  to  G ;  then  lay 
off  the  distance  920  from  F  to  G ;  again,  plant  tlie  instrument  at 
G,  and  lay  the  thin  edge  upon  the  line  G  F ;  then  take  a  back  sight 
to  F,  by  turning  the  table  round  till  you  see  the  hair  and  the  pole 
in  F  to  coincide ;  then  screw  it  fast,  and  lay  the  thin  edge  of  the 
index  to  the  point  G,  and  take  a  bearing  to  C :  measure  the  dis- 
tance from  G  to  C,  which  is  480 :  if  the  angle  and  distance  agree, 
it  is  what  is  generally  termed  an  exact  closing.  From  what  has 
been  now  explained,  it  is  presumed  the  method  of  taking  the  bear- 
ings and  placing  the  table  up  at  the  different  stations  will  be  easily 
comprehended :  great  care,  however,  must  be  taken  to  place  the 
table  as  nearly  level  as  possible,  and  the  centre  of  the  legs  imme- 
diately above  the  holes  the  poles  were  placed  in  at  each  station.  The 
phun  table,  by  using  it  in  the  manner  above,  has  an  advantage  that 
no  other  surveying  instrument  has.  If  an  error  has  been  committed 
in  taking  either  a  bearing  or  a  wrong  distance  from  the  scale,  the 
work  will  not  meet.  A  good  method  to  correct  an  error  is  to  leave 
a  pole  or  mark  of  any  kind  at  any  of  your  stations :  by  applying 
the  thin  edge  of  the  index  to  that  mark  and  the  station  you  stand 
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at,  and  looking  through  the  sights  to  it,  the  needle  will  settle  over 
ihefleur  deliam  the  compass-box,  if  no  error  has  been  committed* 
If  an  error  has  been  made,  the  needle  will  settle  over  some  other  of 
the  degrees  in  the  compass-box,  which  should  be  corrected  before 
you  go  farther. 

This  figure  is  an  enclosure  where  all  the  angles  are  seen  from  &e 
point  C  which  can  be  measured,  and  a  plan  made  of  the  same 
without  moving  the  table  from  the  spot 
where  it  is  placed.  Suppose  the  angles 
D  E  F  O  H  are  all  seen  from  the  point  C ; 
place  the  table  up  at  C  as  horizontal  as  you 
can,  loose  the  screw  a  little  that  is  in  the 
socket  at  «,  and  turn  the  table  round  upon 
the  head  of  the  legs  that  support  it,  till  the 
needle  in  the  compass-box  settles  over  ikejleur  de  lis  ;  then  screw  the 
table  fast  to  the  head  of  the  legs,  and  lay  the  thin  ed^  of  the 
index  at  the  point  C ;  then  look  through  the  sight  or  slit  next 
your  eye,  till  the  vertical  hair  in  the  sight  opposite  is  in  a  line 
with  tlie  angle  D;  measure  the  distance  to  D,  which  is  490; 
take  that  distance  from  the  scale,  suppose  half  an  inch  to  a  chain, 
and  lay  it  off  upon  the  bearing,  and  make  a  mark  at  D  with  a  black 
lead  pencil ;  then  lay  the  thin  edge  of  the  index  on  the  point  C, 
and  look  thipugh  the  sight  next  the  eye,  till  the  hair  in  the  other 
sight  is  seen  to  be  in  a  line  with  the  angle  E,  and  order  your  assis- 
tants to  measure  from  E  to  C,  which  is  780 ;  next,  lay  that  distance 
off  upon  the  bearing  line  at  E,  and  make  a  mark ;  then  lay  the 
index  upon  the  point  C,  and  look  through  the  sight  next  the  eye,  till 
the  hair  in  the  other  sight  coincides  with  the  angle  at  F  ;  draw  that 
bearing,  and  measure  the  distance  to  F,  which  is  440 ;  lay  off  that 
distance  from  the  scale,  and  make  a  mark  at  F ;  then  lay  the  edge 
of  the  index  upon  the  point  C,  and  look  through  the  sight  in  the 
index  till  you  see  the  hair  and  the  angle  G  to  coincide  ;  then  cause 
your  assistants  to  measure  from  Gr  to  C,  which  distance  is  550  ;  lay 
that  distance  off  upon  the  line,  and  make  a  mark  at  G;  then  lay 
the  index  upon  C,  and  look  through  the  sight  till  you  see  the  hair 
in  the  other  sight  and  the  angle  at  H  to  coincide ;  draw  in  the 
bearing,  and  measure  to  H,  which  is  530  ;  lay  off  that  distance,  and 
make  a  mark  at  H  ;  lastly,  draw  in  the  fences  from  D  to  E,  E  to 
F,  F  to  G,  G  to  H,  and  H  to  D,  which  will  give  a  plan  of  the  en- 
closure ;  then  ink  in  the  fences,  and  rub  out  all  the  bearing  lines 
with  Indian  rubber. 
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This  figure  represents  an  eDcloBore  of  nine  sides,  to  which  four 
angles  are  taken  at  the  point  A,  and  fire  at  B  ;  a  line  u  also  mea- 
sored  from  A  to  B,  whence  a  plan 
may  be  made  on  the  spot. 

first  plant  the  table  at  the  sta- 
tion A,  and  set  it  as  level  as  pos- 
sible, which  jou  can  nearly  guess ; 
when  the  needle  traverses  with 
freedom  in  the  compass-box,  tuni 
the  table  gently  round  till  the 
needle  settles  over  the  Jleur  de 
lit  /  then  take  bearings  from  the 
station  A  (as  directed)  to  E,  F,  Cr,  and  H  ;  measure  the  distances  to 
those  points,  and  lay  them  off  from  a  soale,  suppose  from  A  to 
£  870,  A  to  F  600,  A  to  G  690,  and  from  A  to  H  360. 

These  distances  being  all  laid  off,  draw  in  the  fence  from  E  to  F, 
F  to  6,  and  from  G  to  H ;  then  taka  a  bearing  to  B,  and  lay  off 
the  distance  770;  then  plant  the  table  at  the  station  B,  and  ttdte  a 
back  nght  to  A  ;  after  laying  the  thin  edge  of  the  index  upon  the 
line  A  B,  look  through  the  sight  next  the  eye  till  you  see  the  ver- 
tical hair  in  the  opposite  sight  on  the  index  to  coindde  with  the  pole 
left  in  A ;  here  screw  the  table  fast,  and  draw  lines  from  the  point 
B  to  the  angles  I,  K,  L,  M,  and  N,  and  measure  all  the  distances, 
and  lay  each  distance  off  from  the  same  scale  as  those  laid  off  from 
the  point  A  to  their  respective  angles,  viz.  180  from  B  to  I,  601 
horn  B  to  K,  650  ft^m  B  to  L,  850  from  B  to  M,  and  470  to  N ; 
lastly,dr»w  in  the  fence  from  H  I,  IK,  K  L,  LM,  MN,  and  NB, 
which  will  give  a  true  representation  of  the  enclosure  of  nine 
ndes,  which  should  be  drawn  in  with  ink,  and  the  pencil  lines 
nibbed  out 


This  figure  represents  a  garden,  with  a  fish-pond  in  the  middle 
of  it.  To  survey  this,  plant  the  table  up  at  A,  and  adjust  it  as 
before  mentioned,  and  take  a  bear- 
ing to  B,  and  lay  the  thin  edge  of 
the  index  to  the  point  A,  and  look 
through  the  sight  till  you  see  the 
hair  in  the  oppomte  sight  and  the 
pole  in  B  to  coincide ;  measure 
the  distance  from  A  to  B,  which  is 
110,  and  lay  it  off  from  the  scale 
you  choose  to  adopt,  and  also  an  offset  of  50  to  tJie  pond,  another 
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of  20  on  the  right,  and  another  on  the  left  of  10  to  the  edge  of  the 
walk ;  which  also  lay  off.  Before  moving  the  table,  take  a  bearing 
to  D ;  in  measuring  that  line,  opposite  100  you  have  an  offset  of 
18  to  the  pond,  and  another  to  the  edge  of  the  walk  of  13,  and  the 
distance  to  D  is  200 ;  all  of  which  lay  off  upon  the  plan,  and  draw 
in  with  a  black  lead  pencil  part  of  the  pond,  and  also  the  walk  from 
B  to  D.  Before  removing  the  table  take  a  bearing  to  E ;  then 
plant  the  instrmnent  up  at  D,  and  take  a  back  sight  to  A ;  then  take 
a  bearing  from  D  to  G,  and  another  up  the  walk  to  H,  and  measure 
the  line  D  C,  which  is  140,  which  distance  lay  off,  and  also  an  offset 
of  15  to  the  pond,  and  another  offset  of  15  to  the  edge  of  the  walk 
taken  at  70  in  measuring  the  line  D  C ;  then  plant  the  instrument 
at  C,  and  take  a  back  sight  to  D,  and  screw  the  instrument  fast,  and 
take  a  bearing  up  the  walk  to  G,  and  another  to  B ;  in  measuring 
that  line  at  100,  an  offset  was  taken  of  10  to  the  pond,  and  another 
of  20  to  the  edge  of  the  walk ;  prick  off  these  distances,  and  also  the 
distance  from  C  to  B,  which  is  200 ;  then  draw  in  the  pond,  and 
also  the  walk  round  it ;  you  then  go  to  A,  and  measure  up  the  walk 
from  A  to  E,  which  is  280,  and  the  breadth  of  the  walk  26 ;  prick 
off  these  distances  upon  the  plan,  and  draw  in  the  walk  from  A  to 
E ;  then  place  the  instrument  at  E,  and  take  a  back  sight  to  A ; 
screw  the  table  fast,  and  take  a  bearing  to  H  and  another  to  F ; 
measure  the  distance  to  H,  which  is  630,  and  take  an  offset  to  the 
front  garden  waU,  which  is  60,  and  40  to  the  garden  wall  on  the 
right.  In  measuring  that  line,  you  were  opposite  a  walk  at  310  front- 
ing the  hot-house  ;  lay  off  these  distances,  and  also  the  length  and 
breadth  of  the  hot-house,  which  is  100  by  40;  then  draw  in  upon  the 
plan  the  wall  from  E  to  H,  also  the  hot-house,  and  the  walk  on  that 
side  of  the  garden,  which  is  26  wide ;  then  measure  from  £  to  F, 
which  is  448,  and  an  offset  to  the  garden  wall  at  E,  which  is  40, 
and  another  offset  of  40  at  F  ;  prick  off  these  distances  on  the  plan, 
and  draw  in  the  garden  wall  from  E  to  F,  and  also  the  walk,  which 
is  26  wide ;  remove  the  instrument  to  F,  and  take  a  back  sight  to 
E  ;  here  screw  it  fast,  and  take  a  bearing  down  the  walk  from  F  to 
B  ;  if  it  answers  it  is  right,  if  it  disagrees  it  must  be  rectified  before 
any  more  is  done,  by  going  back  till  you  find  out  the  error.  Next, 
take  a  bearing  from  F  to  6,  and  measure  the  distance,  which  is  630, 
and  take  an  offset  of  40  at  F,  and  another  of  40  at  G,  and  draw  in 
the  garden  wall  from  one  offset  to  the  other,  and  also  the  walk  26 
wide  ;  then  plant  the  instrument  up  at  G,  and  take  a  back  sight  to 
F  ;  then  screw  the  table  fast,  and  take  a  bearing  to  where  the  pole 
stood  in  C :  if  it  answers,  there  is  no  occasion  for  measuring  from 
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6  to  C.  Next,  take  a  bearing  to  where  the  pole  stood  in  H,  and 
measure  to  H,  which  is  447 ;  if  the  bearing  and  distance  answers, 
the  garden-wall  may  now  be  drawn  in,  and  also  the  walks  26  wide, 
from  the  offset  at  G  of  60  to  the  offset  at  H  of  60,  which  finishes 
the  plan ;  that  should  be  inked  in,  and  the  black  lead  lines  rubbed 
out.  For  want  of  room  on  the  cut,  I  have  been  under  the  neces- 
sity of  using  small  scalea ;  but  it  is  presumed  that,  being  merely  for 
explanation,  they  will  be  understood  equally  well.  It  will  not  be 
improper  to  remark,  that  the  larger  the  sciJe  the  work  is  plotted 
from,  (particularly  when  the  figure  is  complex,)  it  renders  the  less 
confusion  in  the  multiplicity  of  lines ;  it  also  admits  of  the  figure 
(however  complicated)  being  protracted  with  facility.  Besides,  there 
is  another  advantage ;  very  minute  parts  of  a  plan  may  be  repre- 
sented on  the  large  scale,  which  the  small  one  would  not  admit  of. 
For  making  out  a  drawing  of  a  garden,  see  Plate  XVI. 

This  figure  represents  a  very  crooked  lake,  which,  for  want  of 
more  room,  is  contracted  to  a  very  small  scale  of  only  ten  chains  to 


an  inch.  Plant  the  table  at  A,  and  adjust  it  as  before,  and  take  a 
bearing  to  B,  and  measure  the  distance  60  to  the  lake,  and  also  140 
where  the  chain  touches  the  edge  of  the  water,  and  the  distance  to 
B  285 ;  prick  off  those  distances,  and  plant  the  instrument  up  at 
B,  and  take  a  back  sight  to  A,  and  lay  off  80,  the  distance  that  B 
IB  from  the  lake  ;  then  draw  in  the  edge  of  the  lake  from  the  offset 
60  to  where  the  chain  touched  the  water  at  140,  from  thence  to  the 
water  opposite  B  ;  take  a  bearing  to  C,  which  should  be  drawn  a 
considerable  way  past  C,  for  the  purpose  of  laying  the  thin  edge  of 
the  index  correctly  upon  the  line ;  when  a  back  sight  is  taken,  all 
other  bearings  should  be  done  in  the  same  way  as  is  represented  in 
fiff.  page  36,  or  in  Fig,  page  52.  In  measuring  from  B  to  C  at  200, 
the  chain  touches  the  water,  and  the  distance  to  C  is  450,  and  an 
offset  of  80  to  the  lake ;  lay  off  these  distances,  and  draw  the  out- 
line of  the  lake  from  the  offset  at  B  to  where  the  water  was  touched 
at  200,  from  thence  to  the  offset  of  80 ;  then  place  the  table  at  C, 
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and  take  a  back  sight  to  B ;  screw  the  table  fast,  and  take  a  bearing 
to  D ;  in  measuring  from  C  to  D,  the  chain  touched  the  water  at 
280,  and  an  offset  was  taken  at  400  of  60,  and  again  was  dose  hj 
the  lake  at  500,  and  the  distance  to  D  is  590,  and  the  distance  from 
D  to  the  lake  is  60 ;  then  lay  off  all  these  distances,  and  draw  in 
the  outline  from  the  offset  at  C  to  where  the  water  was  touched  at 
280,  to  the  offiset  60,  from  thence  to  the  mark  at  500,  and  from 
thence  to  the  offset  opposite  D ;  then  remove  the  instrument  to  D, 
and  take  a  back  sight,  to  G,  and  a  foresight  or  bearing  to  E ;  in 
measuring  from  D  to  E,  it  touches  the  lake  at  200,  and  the  distance 
to  E  is  500,  and  an  offset  to  E  to  the  lake  is  80 ;  lay  off  these 
distances,  and  draw  in  the  outline  of  the  lake  from  the  offset  oppo- 
site D,  to  where  the  chain  was  nearest  the  lake,  from  thence  to  the 
offset  of  80 ;  shift  the  table  to  E,  andtakea  back  sight  to  D,  and  a 
fore  sight  to  F,  the  chain  touches  the  lake  at  220,  and  the  distance 
to  F  is  400 ;  lay  off  these  distances,  and  draw  in  the  outline  fit>m 
the  ofibet  E  to  220,  from  thence  to  the  offset  of  60,  opposite  F ; 
then  plant  the  table  at  F,  and  tak^  a  back  sight  to  E,  and  a  bearing 
or  fore  sight  to  G ;  in  measuring  that  line,  the  chain  was  near  the 
lake  at  220,  and  the  whole  distance  to  G  is  430,  and  an  offset  of 
90  to  the  lake ;  draw  in  the  outline  of  the  water  to  the  offset  of  90 ; 
remove  the  table  to  G,  take  a  back  sight-  to  F,  and  a  fore  sight  to 
H  ;  in  measuring  the  line  from  G  to  H,  I  touched  the  lake  at  170, 
and  the  whole  distance  to  H  is  400,  and  an  offset  taken  from  H  to 
the  lake  is  50 ;  lay  off  these  distances,  and  draw  in  the  outline  of 
the  lake  from  the  offset  90  to  170 ;  from  thence  to  the  offiset  of  50, 
opposite  H ;  then  place  the  table  at  H,  and  take  a  back  sight  to 
G,  and  take  a  bearing  to  L     Observe  if  the  needle  settles  over  the 
Jleur  de  lis  ;  i£  it  does,  you  may  measure  the  line  from  H  to  I ;  if 
it  should  not  settle  exactly  over  the  Jleur  de  Us^  you  must  go  back 
and  find  out  the  error,  which  you  will  soon  accomplish  by  taking  a 
few  observations  ba(^.      In  measuring  the  line   HI,  the  chiun 
touched  the  lake  at  130,  and  the  distance  from  H  to  I  is  300,  where 
an  offset  of  70  was  taken  to  the  lake ;  draw  in  the  outline  fit>m 
the  offset  taken  at  H  to  130,  from  thence  to  the  offset  of  70 ;  plant 
the  instrument  up  at  I,  and  take  a  back  sight  to  H,  and  a  fore 
sight  to  K,  which  is  450,  where  an  offset  was  taken  of  80 ;  lay  off 
these  distances,  and  draw  in  the  outline  of  the  lake  from  the  offset 
opposite  I  to  the  offset  opposite  K ;  the  instrument  is  then  placed 
at  K,  and  a  back  sight  to  I,  and  a  fore  sight  to  L :  in  measuring 
that  line,  the  chain  touched  the  lake  at  200,  and  the  distance  from 
E  to  L  is  510 ;  lay  these  distances  upon  the  plan,  also  the  offset 
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of  100  to  the  lake,  and  draw  in  the  outline  of  the  water  from  the 
offset  opposite  K  to  200,  from  thence  to  the  oflbet  of  100 ;  then 
plant  the  instrument  at  L,  'and  take  a  back  sight  to  K,  and  a  fore 
sight  or  bearing  to  M :  in  measuring  that  line,  the  chain  was  dose 
upon  the  lake  at  200,  and  the  whole  distance  to  M  is  530,  and  an 
offset  taken  from  M  to  the  lake  is  65 ;  these  distances  being  laid 
down,  draw  in  the  outline  of  the  lake  fix)m  the  offset  of  65,  opposite 
Lf,  to  200,  and  from  thence  to  the  offset  of  "65  opposite  M ;  next, 
plant  the  table  at  M,  and  take  a  back  sight  to  L,  and  a  fore  sight 
to  N ;  in  measuring  that  line,  the  chain  touches  the  edge  of  the 
lake  at  430,  and  the  length  of  the  line  to  N  is  660,  and  an  offset  to 
the  lake  is  70 ;  lay  off  these  distances,  and  draw  in  the  outline  of 
the  lake  from  the  ofiset  of  65,  opposite  M,  to  200,  where  the  chain 
touched  the  water,  from  thence  to  the  offset  of  70,  opposite  N. 
Again,  take  the  instrument  to  N,  and  take  a  back  sight  to  M,  and 
a  fore  sight  or  bearing  to  O:  in  measuring  that  line,  the  chain 
touches  the  lake  at  230,  and  the  length  of  the  line  to  O  is  460, 
where  an  ofiset  is  taken  of  80  to  the  water ;  laj  off  all  these  dis- 
tances on  the  plan,  and  draw  in  the  outline  of  the  lake  from  the 
offset  of  70,  opposite  N,  to  230,  where  the  chain  touches  the  water 
to  the  ofiset  of  80,  opposite  O ;  then,  with  the  instrument  at  O, 
take  a  back  sight  to  N  and  a  fore  sight  to  P :  in  measuring  that 
line,  the  chain  touches  the  lake  at  200,  at  230  an  offset  is  taken  to 
the  lake  of  80,  and  the  whole  distance  to  P  is  510,  where  an  offset 
of  40  is  taken  to  the  lake ;  lay  off  these  distances,  and  draw  in  the 
outline  of  the  lake  from  the  offset  of  80,  opposite  N,  to  where  it 
touches  the  water  at  200,  from  thence  to  ihe  offset  of  80,  taken  at 
230,  and  also  to  the  offset  of  40,  opposite  P ;  then  plant  the  table 
at  P,  and  take  a  back  sight  to  O,  and  a  fore  one  to  A,  where  the 
survey  began.  In  measuring  that  line,  the  chain  was  close  by  the 
lake  at  330,  and  the  whole  distance  from  P  to  A  is  410«  If  the 
bearing  from  P  to  A  and  the  distance  agrees,  you  may  rest  satisfied 
no  error  has  been  made.  Lastly,  draw  in  the  outline  of  the  lake 
from  the  offset  of  40  opposite  P  to  where  the  chain  touches  the  edge 
of  the  lake  to  the  offset  taken  at  A,  which  will  finish  the  plain  table 
plan  of  the  lake. 

Now,  if  the  angle  and  distance  had  not  met  in  A  at  the  last 
station,  it  is  evident  that  some  mistake  had  been  made ;  in  that 
case,  it  shows  the  absolute  necessity  of  leaving  marks  at  each  sta- 
tion. It  is  in  general  done  with  three  small  stones  laid  about  the 
holes  the  poles  stand  in ;  and,  when  stones  are  not  at  hand,  some 
surveyors  get  a  few  wooden  stakes  made,  and  stick  one  in  each 
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hole  where  they  had  &  station ;  and  others  carry  a  spade,  and  make 
a  mark.  The  best  way  of  correcting  the  error  (should  one  have 
been  committed)  is  to  measure  back,  and  set  up  the  table  as  before 
till  it  is  found  out.  If  the  error  has  been  made  in  taking  a  bearing, 
the  needle  will  point  it  out ;  as,  in  that  case,  it  will  not  settie  over 
ikiafleur  delitm  the  compaaa-box ;  and  if  a  mistake  has  occurred 
in  measuring  a  distance,  it  will  not  agree  witii  the  extent  laid  off 
upon  the  plain  table  sheet. 

To  survey  a  road,  <ix.,  with  the 
plain  table. — The  figure  represents 
a  serpentine  road  or  gravel  walk, 
and  suj^sed  to  be  in  the  midat  of 
a  plantation,  from  No.  1  to  No. 
10 ;  also,  from  No.  10  to  No.  17, 
a  crooked  river.  Plant  the  table  at 
No.  1,  and  having  adjusted  it,  begin 
near  the  edge  of  the  paper,  and  'first 
draw  a  beariifg  to  a  pole  placed  in  2, 
(with  a  black  leadpendl,)  which  line 
should  be  a  conaiderablo  length,  in 
order  to  place  the  index  exact  upon 
the  bearing  when  a  back  sight  is 
taken ;  measure  from  No.  1  to  2, 
which  is  530  links,  which  take  from 
any  convenient  scale.  Before  pro- 
ceeding further,  I  must  remark,  that 
to  enumerate  every  distance  and 
ofiset  that  is  necessary  to  be  taken 
in  this  survey,  would  only  render 
the  busmesB  very  complex ;  but  by 
omitting  such  a  multiplicity  of 
figures  as  the  explanation  would  re- 
quire, itwillappear  very  plain.  How- 
ever, I  will  refer  the  pupil  to  the 
method  used  in  the  explanation  of 
the  Fig.page  44.  To  proceed :  Plant 
the  table  to  No.  2,  and  take  a  back 
sight  to  No.  1 ;  then  take  a  fore  sight 
or  bearing  to  No.  3 ;  measure  those 
distances,  which  lay  off  upon  the 
plan,  and  also  at  what  distance  the 
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chain  reached  when  it  was  nearest  the  edge  of  the  road ;  then  re- 
move the  table  to  No.  3,  and  take  a  back  sight  to  No.  2,  and  a  fore 
fflght  to  No  4;  lay  off  that  distance,  and  also  the  distance  to 
where  the  chain  was  nearest  the  edge  of  the  road,  also  the  breadth 
of  the  road ;  then  set  up  the  table  at  No.  4,  and  take  a  back  sight 
to  No.  3,  and  a  fore  sight  to  No.  5 ;  lay  the  distance  off,  and  like- 
wise the  distance  to  where  the  chain  was  nearest  the  edge  of  the 
road ;  again,  go  to  No.  5,  and  take  a  back  sight  to  No.  4,  and  a 
fore  sight  to  No.  6,  and  lay  down  that  distance,  together  with  the 
distance  the  chain  was  at  nearest  the  road ;  then  go  to  No.  6,  and 
take  a  back  sight  to  No.  5,  and  a  fore  sight  to  No.  7  ;  lay  off  that 
distance  on  the  plan,  also  the  distance  the  chai^  was  at  when  nearest 
the  edge  of  the  road  ;  then  go  to  No.  7,  and  take  a  back  sight  to 
No.  6,  and  a  fore  sight  to  No.  8  ;  measure  the  distance,  and  lay  it 
off,  also  where  the  chain  reached  when  nearest  the  road ;  next,  go 
to  No.  8,  and  take  a  back  sight  to  No.  7,  and  a  fore  sight  to  No. 
9 ;  measure  that  distance,  which  lay  off  upon  the  plan,  and  the 
distance  the  chain  was  at  when  nearest  the  edge  of  the  road ;  exa- 
mine the  needle ;  if  it  settles  over  ihefleur  de  lis  it  is  a  proof  of 
your  having  taken  all  the  bearings  right ;  again,  lastly,  go  to  No. 

9,  and  take  a  back  sight  to  No.  8,  and  a  fore  sight  to  No.  10,  and 
lay  down  the  distance,  and  also  the  extent  to  where  the  chain 
touched  the  edge  of  the  road,  which  will  finish  the  survey  of  the 
serpentine  road.  You  should  now  draw  in  the  road  from  all  the 
different  distances  that  were  laid  down,  and  you  will  have  a  repre- 
sentation of  all  the  bendings  and  windings  of  the  road  through  the 
wood. 

Haw  to  survey  the  river. — Place  the  table  at  No.  10,  and  take  a 
back  sight  to  No  9,  and  a  fore  one  to  No.  11 ;  from  No.  10  take 
also  a  bearing  to  a  tree  on  the  opposite  side  of  the  river ;  measure 
to  No.  11,  and  lay  off  the  distance  with  an  offset  at  No.  10,  and 
mark  when  the  chain  was  at  the  edge  of  the  river,  noting  the  dis- 
tance from  No.  11  to  the  river ;  these  distances  being  all  marked, 
sketch  in  the  river  from  the  offset  at  10  to  that  at  11,  and  the  river 
120  links  wide ;  then  go  to  No.  11,  and  take  a  back  sight  to  No. 

10,  and  a  fore  sight  to  No.  12 ;  measure  that  line,  and  lay  off  the 
distance,  also  the  distance  where  the  chain  touched  the  river,  and 
the  ofiset  to  the  river  at  No.  12  ;  then  draw  in  the  river  from  the 
offset  at  No.  11  to  where  the  chain  touched  the  river,  from  thence 
to  the  offset  taken  at  No.  12  ;  at  No.  11,  taking  a  bearing  to  the 
tree  that  was  seen  from  No.  10,  where  these  lines  intersect,  gives 
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the  diBtance  to  the  tree ;  take  also  a  bearing  from  No.  11  to  anotiher 
tree ;  then  go  to  No.  12,  and  take  a  back  sight  to  No.  11,  and  a 
bearing  to  the  tree  that  you  observed  from  No.  11,  the  intersection 
is  the  distance  to  that  tree ;  next,  take  a  bearing  at  No.  12  to  No. 

13.  In  measuring  that  line,  mark  where  the  chain  touches  the 
edge  of  the  water,  also  where  an  ofi^t  is  taken,  and  the  length  of 
that  offset,  also  the  whole  distance  to  No.  13.  You  may  now 
sketch  in  that  side  of  the  river  from  the  oSaet  at  No.  12  to  the 
offset  taken  between  No.  12  and  13.  Note,  in  measuring  up  one 
side  of  a  river,  many  objects  may  be  seen,  such  as  a  large  stone,  a 
bush,  or  any  other  mark.  K  you  take  a  bearing  from  one  station 
to  each  of  die  objects,  on  the  opposite  side  of  the  river,  they  may  all 
be  intersected  by  taking  bearings  from  other  stations.  These  in- 
tersections give  the  exact  width  of  the  river,  which  draw  in  upon 
the  plan  from  one  intersection  to  another.  Agsdn,  go  to  No.  13, 
and  take  a  bearing  and  distance  to  a,  also  take  a  bearing  from  No. 
13  to  14,  and  from  14  to  the  river,  in  a  line  with  the  last  tree  that 
was  intersected,  also  some  offsets ;  then  draw  in  the  river  from  the 
offset  taken  upon  the  line  between  12  and  13,  from  thence  the  one 
taken  on  the  right  hand  near  the  river  on  the  line  between  13  and 

14,  from  thence  to  the  mark  opposite  the  tree,  and  thence  to  No. 
14,  and  from  No.  14  to  the  point  made  upon  the  oSaet  that  was 
taken  to  the  left  hand  from  the  line  between  No.  13  and  15,  thence 
to  a,  and  also  from  a  to  No.  13  ;  take  next  a  bearing  from  No.  13 
to  15,  and  measure  the  line  to  15  and  an  offset  to  the  river ;  lay 
off  these  distances,  and  draw  in  the  river  fix>m  No.  13  to  the  offset 
at  the  river  at  No.  15 ;  again,  with  the  instrument  at  No.  15,  take 
a  back  sight  to  No.  13,  and  a  fore  sight  to  No.  16.  In  measuring 
that  line,  note  where  the  chain  touches  the  edge  of  the  river,  and 
also  the  distance  to  No.  16  and  an  offset ;  lay  off  these,  and  draw 
in  the  river  from  No.  15  to  where  the  chain  touches  the  edge  of  the 
river ;  from  thence  to  the  offset  taken  at  No.  16 :  go  to  No.  16, 
and  take  a  back  sight  to  No.  15,  and  a  bearing  to  No.  17.  In 
measuring  that  line,  mark  where  the  chain  touches  the  river,  also 
the  distance  where  offsets  were  taken,  and  the  distance  to  No.  17, 
and  all  the  offsets  between  No.  16  and  17  ;  next,  draw  that  side  of 
the  river  from  the  oSaet  at  No.  16  to  where  the  line  touches  the 
river;  from  thence*  frx>m  one  offset  to  another  to  No.  17.  In 
measuring  the  different  stations,  care  must  be  taken  to  intersect 
as  many  objects  at  the  edge  of  the  river  on  the  opposite  side  as  you 
can  conveniently  take,  for  the  purpose  of  ascertaining  its  breadth, 
and  drawing  it  upon  the  plan ;  the  distance  from  one  intersection 
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to  another  is  the  width.  In  taking  a  survey,  represented  hj  the 
preceding  figare,  the  surveyor  should  observe  the  needle  frequently, 
to  see  that  the  north  end  of  it  settles  over  the  ^ur  de  liSj  which 
(as  I  have  before  observed)  it  will  do  if  the  bearings  and  distances 
have  been  all  right  taken,  and  provided  there  is  no  attractive  sub- 
stance near.  The  reason  of  taking  a  back  sight  at  every  station 
is  merely  to  prevent  any  mistake  that  the  needle  would  cause.  If  it 
was  influenced  by  attraction.  If  a  land-measurer  could  trust  to 
his  needle,  the  plain  table  might  be  only  placed  at  every  alternate 
station.  When  all  is  planned  upon  the  plain  table  sheet,v  it  ought 
to  be  inked  in,  and  the  multiplicity  of  black  lead  lines  that  are 
drawn  rubbed  out. 

« 

This  figure  represents  a  small  town,  surveyed  and  planned  upon 
the  spot  with  the  plain  table. — This  is  performed  much  quicker  than 


by  any  other  method  yet  known,  even  with  the  most  costly  instru- 
ments, as  it  spares  the  trouble  of  protracting  and  laying  off  dis- 
tances and  bearings  in  the  house,  which  a  surveyor  is  constrained 
to  do,  if  he  uses  either  a  drcumferenter,  sextant,  or  theodolite ;  and 
although  it  takes  longer  time  in  the  field,  yet  very  little  time  in  the 
house  is  necessary,  as  a  land-measurer  has  only  to  ink  in  the  plan 
drawn  upon  the  table  on  the  spot. 

To  take  the  survey  and  plan  of  a  tovm. — ^This  is  tedious,  and 
requires  great  care,  patience,  and  attention.  It  will  be  proper  to 
observe,  that  the  table  must  be  set  up  at  every  spot  where  bearings 
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are  to  be  taken,  to  the  angles  and  comers  of  houses,  &c,  which  are 
represented  by  dotted  lines ;  each  of  which  is  measured,  as  well  as 
the  station  lines :  For  example,  on  the  line  A  D,  the  table  was 
erected  sixteen  different  times  before  the  observations  were  finished 
on  that  street,  and  measurements  taken,  not  only  to  the  comers  of 
houses,  but  also  to  all  the  projections,  and  the  distances  all  pricked 
off  upon  the  spot  with  the  scale  and  compasses.  This  I  have 
inserted,  merely  to  give  an  idea  of  the  labour  to  be  expected  in 
taking  the  survey  of  a  barony  or  domain,  most  baronies  having  a 
village  belonging  to  them. 

Suppose,  then,  the  measurement  is  to  begin  at  A,  take  bearings 
to  a  pole  placed  at  C ;  then  along  the  street  to  one  at  D,  and  an- 
other to  B.  In  measuring  from  A  to  B,  lay  off  the  distance  to  the 
comer  of  the  house,  also  the  length  and  breadth,  which  is  taken 
with  the  offset  staff  or  a  tape ;  then  lay  off  the  whole  distance  to 
B,  and  leave  a  mark ;  return  to  A,  and  measure  to  C.  In  mea- 
suring that  line,  mark  the  distauce  to  the  comer  of  the  house,  also 
the  length,  and  take  the  breadth ;  also  lay  off  the  distance  from 
A  to  another  house,  where  a  garden  wall  goes  off,  and  also  the 
length  and  breadth  of  that  house,  and  the  distance  to  C ;  all  of 
which  distances  being  laid  down,  draw  in  the  houses  and  the 
garden  walls.  In  measuring  the  line  A  D,  at  every  place  the  table 
is  erected  lay  off  the  distance,  and  lay  the  chamfered  edge  of  the 
index  upon  the  bearing  line  A  D,  and  turn  the  table  round  till  the 
cross  hair  and  the  pole  placed  in  D  coincide,  and  vice  versa  ;  let  the 
index  remain,  and  turn  yourself  to  the  other  sight,  and  take  a  back 
sight  to  A.  If  the  hair  and  the  pole  left  in  A  coincides,'  you  are 
certain  that  the  table  is  exactly  on  the  line  betwixt  A  and  D.  At 
every  station  observe  that  the  back  and  fore  poles  are  in  a  line 
with  A  and  D.  Should  this  not  be  the  case,  move  the  table  till 
you  perceive  they  are  so :  Take  bearings  from  all  the  stations  to 
the  comers  of  houses,  and  lay  off  the  distance  to  where  it  is  placed 
from  A ;  then  measure  the  length  of  all  the  short  distances  to  the 
comer  of  the  houses,  and  lay  these  distances  down  upon  the  plan ; 
then  draw  in,  with  a  black-lead  pencil,  the  front  line  of  each  house, 
as  you  proceed  from  one  place  to  another.  In  many  places  you 
can  determine  the  breadth  of  the  houses  taken,  particularly  to  those 
that  project,  which  should  be  laid  down  upon  the  plan  and  by  mea- 
suring, taking  the  bearings  and  laying  off  the  distances  from  each 
station,  also  those  distances  taken  with  the  tape,  upon  the  plan,  to 
all  the  comers  of  houses  on  both  sides  of  the  street,  which  will 
enable  you  to  draw  in  the  whole  length  of  the  street  from  A  to  D ; 
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then  set  up  the  table  at  D,  and  take  a  back  sight  to  A ;  screw  the 
table  fast)  and  take  a  bearing  to  F  and  another  to  E.  Observe 
to  set  up  the  table  opposite  where  angles  are  taken,  and  the  dis- 
tance laid  off  from  D  to  every  station ;  also  all  the  short  distances 
to  the  divisions  of  houses  must  be  pricked  off  from  the  scale,  and 
drawn  upon  the  plan  till  you  measure  to  E ;  which  distance  being 
laid  down,  leave  a  mark ;  then  plant  the  table  at  E,  and  take  a 
back  sight  to  D,  and  a  fore  sight  or  bearing  to  C.  In  measuring 
that  line,  mark  the  distance  to  the  comer  house  of  the  street,  and 
also  where  the  first  garden  wall  goes  off,  and  take  bearings,  and 
lay  off  all  the  distances  upon  the  plan ;  erect  the  instrument  at  the 
comer  of  each  garden,  and  lay  off  the  breadth  of  each  as  you 
proceed;  take  a  bearing  along  the  garden  walls,  and  prick  off 
every  distance  upon  the  plan  and  the  bearings,  which  is  soon  done 
by  placing  the  instrument  opposite  to  each;  next,  take  a  back 
»ght  to  E,  or  a  fore  sight  to  C,  and  lay  off  the  whole  distance  from 
£  to  C.  If  the  distance  meets  in  a  point  at  C,  it  is  a  proof  that 
the  measure  is  right ;  then  draw  in  all  the  gardens,  (and  if  neces- 
sary, distinguish  each  by  inserting  the  occupier's  name ;)  and  if 
any  omission  has  been  made,  it  must  be  rectified  afterwards ;  again, 
return  to  D,  and  measure  the  line  D  F ;  set  up  the  instrument 
wherever  you  see  it  necessary,  marking  the  distance  from  D  to 
where  it  stands,  and  take  offsets  to  all  the  different  houses,  and  lay 
off  the  distances  upon  the  plan  the  whole  way  to  F  as  you  go  on, 
which  will  give  the  length  of  each  house  both  on  the  right  and 
left ;  then  draw  in  upon  the  plan  the  fronts  of  the  houses  on  both 
sides  of  the  street,  distinguishing  each  house  by  making  a  short 
line  betwixt  it  and  the  next,  till  the  breadth  of  the  houses  is  ascer- 
tsuned ;  again,  with  the  table  at  F  take  a  back  sight  to  D  and  a 
bearing  to  H,  also  one  to  G.  In  measuring  from  F  to  G,  jnark 
the  distance  to  the  comer  of  the  house,  also  the  breadth,  and  take 
a  bearing  along  that  side  next  the  gardens,  which  ascertains  the 
width  of  the  houses  on  that  side ;  then  go  to  G,  and  take  a  back 
sight  to  F  and  a  fore  sight  to  E.  In  measuring  to  E,  lay  off 
every  distance  from  G,  where  the  gardens  go  off,  and  take  bear- 
ings by  looking  through  the  sights  of  the  index  along  each  of  them 
as  you  proceed  to  E.  Observe  to  let  the  chain  always  lie  stretched 
on  the  ground,  that  you  may  count  the  odd  links  as  well  as  the 
chains,  where  each  bearing  is  taken,  and  lay  off  all  the  distances 
as  you  go  on  to  E ;  which  lay  down  upon  the  plan,  and  the  dis- 
tance to  E.  If  it  agrees,  what  is  done  so  far  is  right.  Betum 
to  F,  and  measure  to  H,  and  lay  off  the  distance ;  set  up  the  table 
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at  H,  and  take  a  back  sight  to  F  and  a  fore  sight  to  I.  In  mea- 
suring to  I,  laj  off  the  breadth  of  each  garden  or  yard  as  you 
proceed,  and  take  bearings  of  each  as  before  directed ;  then  go  to 
I,  and  take  a  back  sight  to  H  and  a  fore  edght  down  a  narrow 
hine ;  measure  the  length  and  breadth  of  the  lane ;  retmn  to  I, 
and  take  a  bearing  to  B.  In  measuring  that  line,  take  a  bearing 
along  the  yards,  and  also  offiiets  where  they  occur,  and  note  the 
breadth  of  each  yard  or  garden  till  you  come  to  another  lane, 
which  should  be  measured  as  far  as  the  street  and  the  length  and 
breadth  of  the  houses.  Proceed  all  the  way  to  B,  and  be  parti- 
cular in  pricking  off  all  the  offsets,  (the  gardens  being  Tery  irre- 
gular on  this  side,)  and  lay  off  the  distance  from  I  to  B.  If  it 
answers,  it  is  right.  Ink  in  the  plan  upon  the  table  as  carefully 
as  you  can.  If  any  thing  is  omitted,  sndi  as  the  breadth  of  houses, 
&c.,  you  must  return,  and  measure  them  and  lay  off  the  distances, 
and  insert  them  on  the  plan.  When  all  the  outline  is  done,  rub 
out  all  the  black-lead  lines,  and  write  in  the  name  of  eveiy  pro- 
prietor or  occupier  in  every  yard  or  garden.  Observe  that  the 
dotted  lines  that  are  inserted  in  the  sketch  are  merely  to  show 
where  bearings  were  taken  and  distances  measured. 

This  figure  represents  three  enclosures,  containing  three  planta- 
tions, a  moss,  a  bog,  and  a  pond,  measured  and  planned  with  the 


plain  table.  The  table  was  set  up  at  A  as  level  as  possible,  and 
being  adjusted,  a  bearing  was  taken  to  the  far  comer  of  the  plan-> 
tation,  the  distance  to  which  is  500  Unks ;  lay  that  distance  off  upon 
the  plan  ;  another  bearing  was  taken  to  H,  and  a  distance  measured 
of  1010,  and  an  offset  of  10 ;  on  the  right  at  H  a  line  was  drawn 
from  the  comer  of  the  plantation  to  the  offset  of  10  at  H ;  another 
bearing  was  taken  frx>m  A  to  B.  In  measuring  that  line,  an  ofiset 
was  taken  of  170  at  350,  to  the  angle  in  the  plantation,  which  lay 
off,  and  the  distance  to  B  780 ;  then  draw  the  fence  frt>m  A  to  170, 
from  thence  to  B.  The  table  was  then  taken  to  B;  and  a  back 
sight  taken  to  A ;  also  a  bearing,  with  a  distance  of  160,  taken  to 
the  low  comer  of  the  plantation,  and  a  line  drawn  frt>m  the  upper 
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comer  to  the  under  comer,  which  finiflhes  the  plantation ;  a  bearing 
was  taken  from  B  at  C.    In  measuring  that  line,  an  offset  was 
taken  of  130  at  1130  to  the  comer  of  a  round  planting,  and  the 
distance  from  B  to  C  1300.    The  fence  is  drawn  in  from  B  to  the 
offset  of  130 ;  from  thence  round  to  C.    The  instrument  was  then 
taken  to  C,  and  a  back  sight  taken  to  B,  and  a  bearing  to  H  dose 
bj  the  hedge.    In  measuring  from  C  to  H,  a  moss  goes  off  at  200, 
and  the  distance  to  H  is  560.    Draw  in  the  fence,  which  finishes 
the  first  enclosure.    Again,  a  bearing  was  taken  from  C  to  D.    In 
measuring  that  line,  an  offset  was  taken  of  130  at  120  to  the  comer 
of  a  round  plantation,  and  the  distance  from  C  to  D  is  1600 ;  draw 
the  fence  from  C  to  the  ofiiset  of  130  round,  and  from  thence  to  D. 
The  table  was  then  set  up  at  D,  and  a  back  sight  taken  to  C,  and 
a  fore  sight  to  E,  and  another  bearing  to  G.     In  measuring  the  line 
D  G,  a  planting  goes  off  from  the  fence  at  170  and  at  600 ;  the  chain 
is  opposite  the  far  side  of  the  planting,  and  the  distance  to  G  is  950 ; 
draw  in  the  fence  from  D  to  G.     In  measuring  from  D  to  E,  an 
offset  is  taken  of  130  to  an  angle  in  the  fence  at  260,  and  at  330 
the  chain  touches  the  angle  of  the  planting.     Lay  off  that  distance, 
and  draw  that  line  of  the  planting  in  from  the  mark  where  it  went 
off  on  the  line  D  G ;  erect  the  table  at  the  end  of  the  plantation, 
by  laying  the  index  upon  the  line  D  E,  and  looking  through  the 
si^t  till  you  see  the  pole  in  E  and  the  hair  to  coincide,  and  take  a 
bearing  sJong  the  plantation,  and  lay  off  the  distance,  which  is  400; 
then  draw  in  the  line  of  the  planting  to  the  other  mark,  where  it 
went  off  on  the  line  D  G,  and  it  is  finished.     Again,  return  back, 
and  continue  to  measure  tiie  line  D  E,  where  an  ofiset  was  taken 
of  150  at  990  and  at  1130,  another  on  the  right  hand  to  a  bog  of 
200,  and  the  chain  touched  the  edge  of  the  bog  at  1330 ;  and  the 
length  of  the  line  from  D  to  E,  where  there  is  an  offset  of  40, 
is  1580 ;  draw  in  the  fence  from  I)  to  the  offset  of  130 ;  from  thence 
to  the  ofiset  of  150 ;  thence  to  the  offset  of  40  at  E ;  set  up  the 
table  at  E,  and  take  a  back  sight  to  D,  and  a  fore  sight  to  F.     In 
measuring  that  line,  take  a  bearing  to  the  bog,  and  lay  off  the  dis- 
tance 100 ;  set  up  the  instrument  at  490,  and  take  a  bearing;  then 
lay  off  the  distance  210 ;  take  another  bearing  to  the  same  bog,  and 
lay  off  the  distance,  which  is  200.    You  may  now  draw  part  of  the 
bog  in  from  where  you  took  the  first  offset  to  it  on  the  line  D  E ; 
fit>m  thence  to  where  the  chain  was  nearest  to  it,  from  thence  to 
100,  210,  and  200 ;  an  offset  of  190  was  taken  to  the  angle  in  the 
fence,  where  the  instrument  was  placed  at  490 ;  an  offset  was  taken 
of  130  at  720,  and  the  whole  lengtii  of  the  line  E  F  900 ;  draw  in 
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the  fence  from  the  offset  of  40  at  E  to  the  angle  at  190 ;  from  thenoe 
to  F  ;  then  plant  the  instrument  at  F,  and  take  a  back  sight  to  £ 
and  a  fore  sight  to  G.     In  measuring  that  line,  an  offset  was  taken 
of  130  at  200,  and  another  of  200  at  320.     Draw  in  the  bog  to 
where  these  offsets  are  pricked  off  on  the  plain  table  sheet ;  from 
thence  to  the  first  offset  that  was  taken  to  it  on  the  line  D  £,  and 
the  bog  is  finished.     Continue  measuring  the  line  to  G,  which  is 
1098.     Plant  the  instrument  in  G,  and  take  a  back  sight  to  F ; 
then  lay  the  index  upon  the  line  G  D ;  if  it  answer,  you  are  certain 
of  having  performed  the  work  right.     Take  a  bearing  to  H.     In 
measuring  that  line,  an  offset  of  160,  at  330  and  at  1450,  jou  enter 
upon  the  moss,  and  the  whole  distance  from  G  to  H  is  1970 ;  draw 
in  the  fence  from  F  to  the  offset  of  160  to  the  offset  of  10  at  H, 
which  closes  the  outline  of  the  enclosures ;  then  return  to  the  mark 
left  on  the  line  G  H  at  1450,  where  the  instrument  is  set  up,  and  a 
bearing  taken  to  a  pole  placed  at  the  comer  of  the  moss,  and  a  dis- 
tance laid  off  upon  the  plan  to  the  comer  of  310 ;  measure  fix>m 
thence  to  the  fence  C  H,  and  lay  off  the  distance,  which  is  450,  to 
the  point ;  this  finishes  the  moss.     The  next  thing  to  be  done  is  to 
go  to  the  old  mark  D,  and  plant  the  instrument,  by  laying  the  cham- 
fered edge  of  the  index  upon  the  line  C  D,  and  take  a  bearing  to 
No.  1.     In  measuring  that  line,  take  an  offset  of  190  to  the  lake  at 
220,  at  450  touched  the  lake  ;  another  was  taken  of  40  at  690,  and 
the  whole  distance  from  D  to  No.  1  is  850  ;  those  distances  being 
all  laid  off,  draw  in  part  of  the  lake  from  the  offset  190  to  where 
the  chain  touched  the  water,  from  thence  to  the  offset  of  40,  and 
thence  to  No.  1 ;  plant  the  table  at  No.  1,  and  take  a  back  sight  to 
D,  and  take  a  fore  sight  to  No.  2,  measure  the  distance  from  No.  1 
to  No.  2,  which  is  330,  and  an  offset  of  20  ;  draw  in  the  outline  of 
the  lake  from  No.  1  to  2  ;  then  go  to  No.  2  and  take  a  back  sight 
to  No.  1  and  a  fore  sight  to  No.  3  ^t  200.   In  measuring  that  line, 
the  chain  was  contiguous  to  the  lake,  and  the  distance  to  No.  3  is 
530,  and  an  offset  to  the  water  from  No.  3  is  100  ;  draw  in  the  lake 
from  the  offset  of  20  to  where  the  chain  was  contiguous  to  the 
water,  from  thence  to  the  offset  of  100,  opposite  No.  3.     Place  the 
table  at  No.  3,  and  take  a  back  sight  to  No.  2  and  a  fore  sight  to 
D.   In  measuring  that  line,  the  chain  touches  tlie  water  at  270,  and 
the  distance  to  D  500 ;  lastly,  draw  in  the  lake  from  the  offset  of 
100  to  where  the  chain  touched  the  water  at  the  first  offset  taken 
from  D  to  No.  1,  which  will  finish  the  survey  of  the  three  enclosures. 
What  has  been  said  in  this  and  the  preceding  pages,  with  a  care- 
ful inspection  of  the  foregoing  sketches,  is  presumed  sufficient  to 
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explain  the  common  use  of  the  plain  table.  I  have  now  to  point 
ont  the  inconveniences,  or  rather  defects,  pertaining  to  this  instru- 
ment,— for  in  fact  no  instrument  yet  invented  possesses  all  the  requi- 
site advantages  for  surveying  and  plotting,  some  being  advantageous 
in  one  point,  while  counterbalanced  by  inconveniences,  more  or 
less,  on  the  other.  In  the  first  place,  tiie  plain  table  can  only  be 
used  in  fair  weather;  and  as  every  thing  is  laid  down  and  plotted  on 
the  spot,  it  takes  a  considerably  longer  time  in  the  field  than  any 
other  instrument,  yet,  on  the  other  hand,  it  gives  much  less  labour 
in  the  house.  Although  the  weather  should  be  fair,  yet  the  paper 
expands  on  a  damp  day,  and  if  made  use  of  when  damp,  the  dis- 
tances (being  all  laid  off  upon  the  spot)  will  become  a  little  too  short 
when  the  paper  shrinks  to  its  natural  size ;  besides,  the  plain  table 
is  not  a  fit  instrument  for  taking  the  measurement  of  an  extensive 
estate  in  the  common  way  of  using  it,  particularly  as  the  work  runs 
very  soon  off  the  paper  that  is  put  upon  the  table,  which  will  require 
shifting  three  or  four  times  in  a  day.  If  the  scale  is  large,  by  join- 
ing so  many  plain  table  sheets  together,  it  becomes  very  difficult  to 
get  the  plan  of  a  large  estate  laid  down  correct ;  yet  it  is  my  opinion 
that,  in  dry  weather,  for  surveying  a  small  farm  or  a  pleasure- 
groimd,  which  include  a  variety  of  serpentine  walks,  shrubberies, 
ponds,  curved  plantations,  or  irregular  fences,  it  is  preferable  to  any 
other  instrument. 

Hitherto  I  have  only  described  in  what  way  it  is  commonly  made 
use  of  by  land-surveyors  in  the  field,  and  drawing  the  rough  plan 
upon  the  spot. 

Many  surveyors  create  objections  to  it,  because  they  cannot  de- 
termine horizontal  distances  by  it ;  but  this  can  easily  be  remedied 
by  carrying  a  small  quadrant,  and  taking  the  altitude  or  declivity, 
or  with  the  chain,  as  particularly  described  in  page  29. 

The  figure,  p.  64,  represents  the  survey  of  the  Common  of  Hassen- 
dean,  containing  upwards  of  300  acres,  surveyed  with  the  plain  table, 
but  in  a  very  different  manner  from  that  commonly  practised  by 
land-measurers.  The  method  I  am  about  to  explain  removes  many 
of  the  objections  that  some  have  to  it,  and  increases  its  value  even  to 
those  who  are  apt  to  condemn  it.  It  obviates  particularly  the  incon- 
venience of  shifting  the  paper,  and  commencing  upon  new  sheets  ; 
it  also  does  away  the  great  objections  they  have  to  the  paper  swell- 
ing and  shrinking  again  to  its  natural  size  when  it  dries.  In  this 
manner  of  surveying  with  the  plain  table  which  I  am  to  describe,  a 
field-book  is  kept,  the  distances  are  all  inserted  in  it,  then  protracted 
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and  laid  off  upon  one,  two,  or  more  sheets  of  drawing-paper  joined 
together,  and  it  may  be  plotted  from  any  scale  you  choose  to  adopt 
in  the  house. 

Fix  upon  any  part  of  the  paper  near  the  centre  of  the  table,  and 
makeamark  thus  O  to  represent  the  centre,  or  the  last  letter  or  re- 
ference when  a  back  sight  is  taken,  oi^  it  answers  for  the  letter  or  refe- 
rence when  afore  sight  or  bearing  is  taken.  With  a  pair  of  compasses 
draw  a  circle  round  the  centre  as  large  as  the  paper  on  the  table  will 
admit,  which  will  be  about  four  times  larger  in  diameter  than  the  one 
represented  on  the  plate,  and  the  plan  will  be  equally  lai^  in  pro- 
portion. This  circle  you  may  call  your  protractor^  which  has  a  much 
larger  radius  than  the  brass  protractors  that  are  commonly  used. 

Begin  at  any  part  of  the  common  you  choose  with  your  measure- 
ment, suppose  at  A.  Plant  the  plain  table  there,  as  level  as  you 
can  guess,  and  turn  it  round  upon  its  axis  till  the  north  end  of  the 
magnetic  needle  settles  over  the  fleur  de  lis  m  the  compassF-box ; 
then  screw  it  fast  to  the  legs  with  the  screw  in  the  socket  6,  and 
take  a  bearing  to  No.  1,  by  laying  the  chamfered  edge  of  the 
mdex  dose  to  the  centre,  and  look  through  the  slit  in  the  sight  next 
the  eye  till  you  see  the  hair  in  the  opposite  sight  and  the  pole 
placed  in  No.  1  to  coincide ;  then  draw  the  bearing,  and  where  the 
chamfered  edge  of  the  index  crosses  the  arc  of  the  circle  mark  1 ; 
measure  the  line  from  A  to  1,  and  also  the  offsets,  and  insert  them 
in  the  field-book,  or  an  eye-draught,  whichever  you  choose  to  keep ; 
then  plant  the  instrument  at  1,  and  lay  the  edge  of  the  index  at  the 
mark  1  made  across  the  circle  and  the  centre,  and  take  a  back 
sight  to  A,  which  is  the  centre ;  then  take  a  fore  sight  to  2,  and 
measure  from  1  to  2,  and  mark  where  the  bearing  crosses  the 
circle  at  2,  and  insert  the  distances  in  the  field-book  and  the  off- 
sets, and  where  they  were  taken  at ;  then  plant  the  table  in  2,  and 
take  a  back  sight  to  1,  by  laying  the  chamfered  edge  of  the  index 
upon  the  mark  2  made  on  the  arc  of  the  circle  and  the  centre ; 
then  take  a  fore  sight  to  No.  3,  and  examine  the  needle  if  it 
settles  over  the  Jleur  delis:  if  it  does,  it  is  a  proof  that  you  have 
done  right  so  far  as  2 ;  then  mark  where  the  bearing  crosses  the 
arc,  and  write  3 ;  measure  the  distance  from  2  to  3,  and  insert 
the  distance  and  the  offsets  to  the  river  in  the  field-book,  and 
where  they  were  taken  at ;  then  place  the  instrument  at  No.  3, 
and  lay  the  index  upon  the  mark  made  on  the  arc  at  No.  3  and 
the  centre,  and  take  a  back  sight  to  2  ;  screw  the  instrument  fast, 
and  take  a  fore  sight  from  the  centre  to  the  pole  placed  in  4 ;  then 
mark  where  that  bearing  crosses  the  arc  4;   then  measure  the 
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distancey  and  insert  in  the  field-book  that  distance,  and  also  the 
offsets  to  the  riyer,  and  where  they  were  taken  at ;  then  plant  the 
mstnunent  at  4,  and  lay  the  index  at  the  mark  made  on  the  arc  4 
and  the  centre,  and  take  a  back  sight  to  3 ;  then  lay  the  index  upon 
the  centre,  and  take  a  bearing  or  fore  sight  to  No.  5 ;  measure  that 
distance,  and  all  the  intermediate  ones,  inserting  them  in  the 
field-book ;  then  set  up  the  instrument  at  5,  and  take  a  back  sight 
to  4 ;  screw  the  table  fast,  and  take  a  bearing  to  A,  which  mark 
on  the  arc,  and  measure  to  A,  and  enter  the  distance  in  the  field- 
book,  and  write  ^'  Closes  at  A."  If  the  needle  settles  over  the 
jUnifr  de  ItSj  after  taking  a  back  sight  from  A  to  5,  it  is  a  proof  that 
the  angles  are  all  right  taken. 


FIELD-BOOK  OF  HASSENDEAN  COMMON. 
Beginning  ai  the  top  of  the  column. 


OfCwti. 

mfltenoei. 

Oibetfl. 

A 

70 

1500 

80 

1940 

RiYulet, 

200 

2300 

BiTQlet^ 

230 

3096 

CroawBy 

3940 

4800 

200 

End  of  line^ 

• 

5500 

50 

\it. 

50 

840 

70 

1932 

40 

2<f. 

• 

480 

140 

930 

190 

1380 

150 

1833 

60 

8d. 

710 

280 

1435 

250 

• 

2040 

40 

Ath. 

700 

190 

1095 

1830 

200 

2300 

210 

2660 

150 

3400 

4340 

190 

5230 

10 

5ih. 

Closes 

5195 

at  A 

BiTulet. 
Biyulet. 
CroBses  riyulet. 


BiTulet. 
Riyulet. 
Riyer. 

Riyer. 
Riyer. 
End  of  line. 


Riyer. 
Do. 
Do. 
Do. 


Riyer. 

Do. 

End  of  line. 


Riyer. 

Tooohea  riyer. 

Riyer. 

Do. 

Tonohes  riyer. 
Riyer. 
End  of  line. 
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To  protract  and  make  out  apian  of  the  Common  of  Baasendean. 
— Remove  the  paper  from  the  plain  table  on  whidi  the  circle  is 


described,  and  lay  it  upon  a  sheet  of  large  drawing-paper ;  then 
with  a  fine  point  prick  off  all  the  marks  made  opon  the  circmn- 
ference  of  the  circle,  also  its  centre ;  nmnber  each  point,  begin- 
nmg  at  A,  thus,  1,  2,  3,  4,  5,  A ;  then  with  a  parallel  ruler, 
or  the  T  square  and  its  companion,  afterwards  described,  and 
as  it  is  used  in  the  farms  of  Tipperty  and  Bonnyton.  J£  you 
begin  at  A,  near  the  south-west  comer,  on  the  drawing-paper 
lay  the  T  square  upon  the  centre  O,  and  the  prick  at  1,  and 
slide  the  square,  by  the  help  of  its  companion,  parallel  to  where 
you  begin  at  A,  and  draw  the  bearing  from  A  to  No.  1,  and  from 
any  scale  of  equal  parts,  suppose  eight  chains  to  an  inch ;  then  lay 
off  the  distance  5500  links  from  the  scale,  and  also  all  the  offsets, 
and  tbe  distance  from  A,  and  where  they  were  taken  at,  which 
you  take  from  the  field-book ;  next,  lay  the  edge  of  the  ruler  on 
the  prick  at  No.  2  and  the  centre,  and  slide  the  ruler  down,  by  the 
help  of  its  companion,  to  1,  and  draw  the  "bearing  2,  and  lay  off 
the  distance  1932,  and  the  offset  of  70,  taken  at  840,  also  the  off- 
sets token  at  the  stations ;  then  lay  the  edge  of  the  T  square  on 
the  centre  and  the  prick  made  at  No.  3,  and  move  it  parallel,  by 
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the  help  of  its  companion,  to  No,  2,  and  draw  the  bearing  from  2 
to  3,  and  lay  off  the  distance  from  the  scale,  which  is  1833,  and 
all  the  intermediate  ofisets  to  the  river  inserted  in  the  jieldrbook  ; 
then  place  the  T  square  npon  the  centre  and  the  prick  made  at  4, 
and  move  it  parallel  as  before  to  3,  and  with  a  fine-pointed  pencil 
draw  the  bearing  from  No.  3  to  No.  4,  lay  off  the  distance  2040 
to  4,  and  all  the  intermediate  offsets  to  the  river ;  agaia,  laj  the 
T  square  upon  the  prick  made  at  No.  5  and  the  centre,  and  move 
it  as  formerly  to  4,  and  draw  the  bearing  from  No.  4  to  No.  5; 
and  from  the  scale  lay  off  the  distance  5230,  and  all  the  interme- 
diate distances  and  offsets  inserted  in  the  field-book ;  then  lay  the 
T  square  upon  A  and  the  centre,  and  move  it  parallel  to  No.  5, 
and  draw  the  bearing  from  No.  5  to  A.  If  it  agrees,  you  are  cer- 
tain the  angles  have  been  right  laid  off.  Lay  off  the  distance 
5195.  If  that  answers,  you  have  made  an  exact  closing.  Now, 
with  a  black-lead  pencil,  draw  in  from  the  offset  at  70,  where  you 
began,  to  the  offset  80 ;  from  thence  to  where  you  cross  the  rivu- 
let ;  thence  to  200 ;  and  so  on  from  offset  to  offset,  till  you  have 
gone  all  round ;  then,  with  a  pen  and  Indian  ink,  draw  in  the 
whole  of  the  boundary,  and  also  the  river  Tyne  about  two  chains 
wide,  and  it  is  completed. 

Pfafe  I., 

Bepresents  a  farm  called  Hareatanea^  and  also  the  field-book, 
surveyed  with  the  plain  table.  This  is  performed  in  the  same 
manner  as  Hassendean  Common  (fig.  p.  64) ;  but  is  much  more 
intricate,  being  all  inclosed,  and  consists  of  upwards  of  150  acres ; 
and  if  measured  in  the  common  way,  the  paper  would  require  to 
be  shifted  six  or  eight  times,  to  lay  it  down  upon  a  scale  of  two 
chains  to  an  inch,  which  is  a  scale  small  enough  for  inclosed  lands. 
In  order  to  give  the  learner  a  better  idea,  I  have  made  a  rough  pro- 
traction in  the  plate,  taken  from  the  field-book ;  which  I  have  been 
under  the  necessity  of  doing  upon  a  small  scale  for  want  of  room 
upon  the  copper,  and  is  intended  merely  to  show  that  a  very  ex- 
tensive piece  of  land  may  be  measured  without  shifting  the  paper, 
and  the  whole  afterwards  protracted  upon  any  scale.  To  proceed 
then :  Set  the  table  up  at  A,  as  level  as  you  can,  adjusting  it  as 
before ;  and  having  previously  described  a  circle  as  large  as  the 
plain  table  sheet  wiU  admit  of,  take  a  bearing  to  a  pole  placed  in 
B,  by  laying  the  index  over  the  centre  and  mark  B,  where  the  cham- 
fered edge  crosses  the  arc  of  the  circle;  measure  to  B,  and  insert 
the  distance  as  well  as  the  offsets  in  the  field-book ;  then  plant  the 
table  at  B,  and  lay  the  chamfered  edge  of  the  index  upon  the 

£ 
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centre  and  the  mark  made  upon  the  arc  at  B,  and  take  a  bac^ 
sight  to  A ;  then  take  bearings  to  C  and  D,  and  mark  where  the 
thin  edge  of  the  index  crosses  the  arc,  noting  C  and  D ;  measure 
these  distances  and  the  offsets ;  then  erect  the  table  at  station  D, 
and  laj  the  index  upon  the  centre  and  the  mark  on  the  arc  at 
D,  and  take  a  back  sight  to  B,  and  a  bearing  from  the  centre  to 
the  station  E,  noting  E ;  where  the  edge  of  the  index  crosses  the 
arc,  measure   to   E;    plant   up  the  table,  and  lay  the  edge  of 
the  index  upon  the  centre  and  the  mark  upon  the  arc  at  £,  and 
take  a  back  sight  to  D,  (observing,  every  time  a  back  sight  is 
taken,  that  the  instrument  is  screwed  fast;)  then  lay  the  index 
upon  the  centre,  and  take  a  bearing  to  F ;  and  where  the  index 
crosses  the  arc  mark  F ;  measure  that  distance,  which  enter  in  the 
field-book,  and  the  offsets,  &c. ;  then  plant  the  table  at  F,  and 
lay  the  index  upon  the  mark  at  F  on  the  arc  and  the   centre, 
and  take  a  back  sight  to  E ;  again,  lay  the  edge  of  the  index 
up(Hi  the  centre,  and  take  a  bearing  to  G ;  and  where  the  index 
crosses  the  arc  mark  G ;  measure  to  G,  noting  the  offsets ;  then, 
with  the  table  at  G,  take  a  back  sight  to  F,  by  laying  the  index 
upon  the  mark  on  the  arc  and  the  centre;  then  take  a  bearing 
to  H,  and  where  the  index  crosses  the  arc  mark  H ;   measure 
to  H,  and  plant  up  the  table  at  H,  and  lay  the  edge  of  the  index 
upon  the  mark  H  and  the  centre,  and  take  a  back  sight  to  G ; 
take  a  bearing  to  I,  and  where  the  edge  of  the  index  crosses  the 
arc  mark  I ;  measure  from  H  to  I,  and  then  set  up  the  table  at 
I,  and  lay  the  index  upon  the   mark  at  I  on  the   arc  and  the 
centre,  and  take  a  back  sight  to  H ;  then  take  a  bearing  to  K,  and 
where  the  index  crosses  the  arc  mark  K ;  measure  from  I  to  K, 
then  plant  up  the  table  at  K,  and  lay  the  index  upon  the  mark  on 
the  arc  at  K  and  the  centre,  and  take  a  back  sight  to  I;  then 
lay  the  index  upon  the  centre,  and  take  a  bearing  to  L,  and 
where  the  index    crosses   the  arc  mark  L;  measure  to  L,  and 
enter  all  the   distances,   offsets,  &c.  carefrdly  in  the  field-book 
wherever  they  are  taken ;  then  set  up  the  table  in  L,  and  take  a 
back  sight  to  K,  also  a  bearing  to  A,  where  the  survey  was  begun ; 
measure  from  L  to  A,  and  mark  where  the  index  crosses  the  arc, 
and  write  '^  Goses  at  A  ;^'  insert  the  distance,  offsets,  <&c. 

Betum  to  L,  and  take  a  bearing  from  the  centre  to  M,  and 
where  the  index  crosses  the  arc  mark  M ;  measure  to  M,  and  set 
up  the  table,  and  lay  the  index  upon  the  mark  on  the  arc  at  M 
and  the  centre,  and  tdke  a  back  sight  to  L ;  then  lay  the  index  upon 
M,  and  take  a  bearing  to  I,  and  mark  where  the  index  crosses  the 
arc,  and  write  Meets  at  I ;  measure  to  I,  and  insert  the  distance 
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in  the  field-book ;  then  take  a  bearing  from  M  to  C,  and  where 
the  index  crosses  the  arc  write  Closes  at  C ;  measure  to  C,  and 
enter  the  distance  in  the  field-book ;  plant  the  instnunent  in  C,  and 
take  a  back  sight  to  M  ;  then  lay  the  index  upon  the  centre,  and 
take  a  bearing  to  N,  and  where  the  index  crosses  the  arc  mark 
N;  measure  that  distance,  which  enter  in  the  field-book ;  plant 
the  table  up  at  N,  and  take  a  back  sight  to  C,  by  laying  the 
index  upon  the  mark  made  on  the  arc  at  N  and  the  centre ;  then 
take  a  bearing  from  the  centre  to  D,  and  another  bearing  to  F, 
also  one  past  the  houses  to  O;  mark  all  these  bearings  where 
they  cross  the  arc,  and  mark  D  F  O  ;  measure  the  distances,  and 
insert  them  in  the  field-book ;  then  plant  the  table  at  O,  and  take 
a  back  sight  to  N,  and  lay  the  index  upon  the  centre  and  the  mark 
made  at  O  on  the  arc,  and  take  a  bearing  to  I,  and  write  Meets 
at  I,  where  the  index  crosses  the  arc  ]  take  another  bearing  from 
the  centre  to  G,  and  where  the  index  crosses  the  arc  write.  Meets 
at  6 ;  measure  the  distances,  and  insert  them  in  the  field-book,  also 
the  ofisets,  and  where  they  were  taken  at ;  then  take  a  bearing 
opposite  1030  upon  the  line  N  O,  along  the  north  side  of  Har&- 
stanes  garden-wall,  which  lay  o£P  from  the  centre ;  and  where  it 
crosses  the  arc,  mark  P,  and  measure  the  distances  about  the 
houses.  The  chief  matter  is  to  be  well  acquainted  with  laying  off 
the  bearings  on  the  spot.  Care  must  be  taken,  when  the  index 
is  placed  over  the  centre  in  taking  a  back  sight,  that  you  perceive 
the  station  the  table  was  last  at ;  and  when  you  take  a  bearing  or 
fore  sight,  it  is  from  the  station  you  are  standing  at ;  and  if  any 
error  has  been  made,  the  needle  is  an  excellent  check,  as  it  will 
always  settle  (if  a  good  one)  over  ^ejleur  de  lis, 

I  must  observe,  that  in  taking  a  survey  in  this  manner  with 
the  plain  table,  it  is  easily  adjusted,  and  very  little  time  lost  in 
taking  the  back  sight  and  the  bearing  to  another  station ;  it  has 
also  this  advantage  over  other  instruments,  that  you  have  no 
degrees  and  minutes  to  insert  in  the  field-book,  they  being  ex- 
pressed on  the  circumference  of  the  circle  by  a  short  line  drawn 
across  the  arc  upon  the  spot ;  and  if  the  chamfered  edge  of  the 
index  is  laid  exactly  over  the  point  in  the  centre,  and  a  line  drawn 
across  the  arc  with  a  fine  pencil  close  to  the  chamfered  edge  of 
the  index,  it  is  equally  correct  as  a  protractor,  and  is  much  larger 
than  the  protractors  are  commonly  made.  Although  the  one 
represented  on  the  protracted  sketch  appears  small,  it,  as  well  as 
the  sketch  itself,  is  owing  to  the  smallness  of  the  scale  that  the 
sketch  is  plotted  by,  which  is  only  seven  chains  to  an  inch,  and 
the  diameter  of  the  cirde,  upon  a  plain  table  at  least,  thirteen 
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inches  and  a  half,  which,  as  before  mentioned,  is  a  mach  larger 
radius  than  the  common  size  of  protractors.  It  is  well  known  to 
surveyors,  that  the  larger  the  protractors  are,  the  work  will  in 
proportion  be  the  more  exact. 
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To  protract  the  rough  plan  from  the  fiddrbooh.  Take  the  sheet 
of  paper  off  the  table,  and  lay  it  upon  a  large  sheet  of  drawings 
paper ;  prick  through  the  centre,  and  also  through  every  mark 
upon  the  arch,  and  insert  the  letters  with  a  black  lead  pencil  upon 
the  paper,  and  make  a  mark  thus  0  to  represent  the  centre ;  adopt 
any  scale  you  choose,  suppose  two  chains  in  an  inch,  which  will 
require  a  very  large  sheet  to  hold  the  plan  of  the  farm  of  Hare- 
stones.  K  it  had  been  surveyed  in  the  common  method,  and  laid 
down  upon  that  scale,  the  paper  would  require  to  be  shifted  six  or 
seven  times,  and  then  to  join  them  altogether,  which  is  very  trouble- 
some to  do  correctly ;  whereas,  by  this  method,  every  thing  is  pro^ 
tracted  from  one  centre,  and  on  one  sheet  of  paper. 

Having  begun  the  survey  at  A,  fix  upon  any  part  of  the  paper 
to  be^  at,  and  mark  O  A  on  the  west  side,  near  the  bottom  of 
the  paper ;  then  find  out  the  prick  B ;  lay  the  T  square  upon  the 
centre  and  B,  and  slide  it  parallel  to  A,  which  is  the  point  fixed 
upon  to  begin  at,  and  draw  a  line  with  a  pencil ;  then  from  the 
scale  lay  off  the  distance,  which  is  marked  in  the  field-book,  1320, 
and  also  the  ofl^ts  taken  to  each  side  of  the  road,  which  ascertains 
its  breadth ;  then  lay  the  square  upon  the  centre  and  C,  and  run  it 
parallel  to  B ;  and  from  the  sc^e  lay  off  880,  which  is  the  distance 
fix>m  B  to  C ;  then  lay  the  square  upon  the  centre,  and  the  mark 
at  D  on  the  arc,  and  move  it  parallel  to  B,  and  draw  the  bearing 
to  D,  and  lay  off  the  distance  from  the  same  scale,  which  is  1570, 
also  the  offsets  to  each  ^ide  of  the  road :  again,  lay  the  square  upon 
the  mark  on  the  arc  at  E  and  the  centre,  and  slide  it  down  to  D^ 
and  draw  the  bearing  to  E ;  lay  off  the  distance  from  D  to  E,  which 
is  1900,  and  also  the  offsets  taken  on  each  side  of  the  road ;  then 
lay  the  square  upon  the  mark  on  the  arc  at  F  and  the  centre, 
and  slide  it  parallel  to  E,  and  draw  the  bearing  to  F ;  lay  the  dis- 
tance off  from  E  to  F,  which  is  1318,  and  sdl  ^e  intermediate  dis- 
tances and  offsets  to  the  rivulet  marked  in  the  field<-book ;  then  lay 
the  square  upon  the  mark  at  G  and  the  centre,  and  slide  it  parallel 
to  F,  and  draw  the  bearing  from  F  to  G ;  lay  off  the  distance, 
whidb  is  1280,  and  all  the  intermediate  distances  and  offsets  to  the 
rivulet ;  then  place  the  square  upon  the  mark  at  H  and  the  centre, 
and  slide  it  parallel  to  G,  and  draw  the  bearing  to  H,  and  lay  off 
the  distance  from  G  to  H,  which  is  1480 ;  also  the  intermediate 
distances  and  offsets  to  the  rivulet  to  H  ;  then  lay  the  square  upon 
the  mark  I  and  the  centre,  and  slide  it  parallel  to  H,  and  draw  the 
bearing  to  I ;  lay  off  the  distance,  which  is  1940,  and  all  the  inter- 
mediate distances  and  offsets  marked  in  the  field-book  to  the  river ; 
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then  lay  the  square  upon  the  mark  at  K  and  the  centre,  and  slide 
it  to  I,  and  draw  the  bearing  from  I  to  K ;  lay  off  that  distance 
1770,  and  all  the  intermediate  distances,  offsets,  &c.,  to  the  river, 
and  draw  it  in  about  100  links  wide ;  again,  lay  the  square  upon  the 
mark  at  L  and  the  centre,  and  move  it  parallel  to  K,  and  draw  the 
bearing  from  K  to  L ;  lay  off  the  distance  with  the  scale  from  K 
to  L,  which  is  1835,  and  all  the  intermediate  distances,  offsets,  &c., 
to  the  boundary ;  next,  place  the  square  upon  L,  and  the  maik 
where  it  closes  at  A,  and  move  it  parallel  to  L,  and  draw  the  bear- 
ing to  where  the  survey  was  begun  at  A.    If  it  joins,  you  may  rest 
satisfied  that  you  have  not  only  measured  the  distances  right,  but 
the  bearings  also,  particularly  if  the  distance  from  L  to  A  answer, 
which  is  1245.     Then  lay  the  square  upon  the  mark  at  M  and  the 
centre,  and  move  it  to  L,  and  draw  the  bearing  from  L  to  M ;  lay 
off  that  distance,  which  is  1465,  and  the  offset  to  the  fence ;  then' 
lay  the  square  upon  I  and  the  centre,  and  slide  the  square  parallel 
to  M,  and  draw  the  bearing  from  M  to  I.     If  the  bearing  and  dis- 
tance, which  is  1425,  answers,  you  are  certain  it  is  right.     Agsun, 
place  the  square  upon   the  mark  where  you  close  at  C  and  the 
centre,  and  move  it  parallel  to  M,  and  draw  the  bearing  from 
M  to  C,  laying   off  the   distance,  which  is  830 ;    then  lay  the 
square  upon  the  mark  at  N  and  the  centre,  and  slide  it  parallel 
to  C,  and  draw  the  bearing  from  C  to  N ;  lay  off  the  distance, 
which  is  1575,  and  also  the  intermediate  distances  and  offsets ; 
next,  lay  the  square  upon  the  mark  where  a  meeting  is  made  at 
D  and  the  centre,  and  move  it  parallel  by  the  help  of  its  com- 
panion to  N,  and  draw  the  bearing  to  D.     If  the  distance,  which 
is  1150,  and  the  bearing  answer,  you  are  certain  that  no  error 
has  been  committed.     Then  lay  the  square  where  a  meeting  is 
made  at  F  and  the  centre,  and  move  it  parallel  to  N,  and  lay 
off  the  bearing.     If  ij  and  the   distance,  1580,  answers,  it   is 
right ;  lay  off  also  the  offsets  as  marked  in  the  field-book.     Again, 
lay  the  square  upon  the  mark  where  a  meeting  is  made  at  I  and 
the  centre,  and  move  the  square  to  O,  and  draw  in  the  bearing 
to  I.     If  the  distance  answers  to  1075,  you  may  rest  satisfied  it 
is  right.     Then  lay  the  T  square  upon  the  mark  made  upon  the 
arc  where  it  closes  at  G  and  the  centre,  and  move  it  parallel 
to  O,  and  draw  in  the  bearing  to  G.     If  it  answers,  and  the  dis- 
tance to  1680,  it  makes  an  exact  closing.     Next,  lay  the  square 
upon  the  mark  at  P  and  the  centre,  and  move  it  parallel  to  the 
north-west  comer  of  the  garden  wall,  and  lay  off  the  distances  of 
the  length  and  breadth  of  the  garden,  also  the  length  and  breadth 


SURVEYING  WITH  THE  SEXTANT.  71 

of  the  houses,  as  marked  in  the  field-book ;  draw  in  the  whole,  first 
with  a  black-lead  pencil  from  offset  to  offset,  as  before  directed  on 
other  surveys ;  then  ink  it  carefully  in  with  Indian  ink,  rub  out  all 
the  black-lead  lines  and  marks,  and  the  protraction  is  finished. 

Many  more  examples  might  be  given  in  the  surveying  estates, 
&C.,  with  the  plain  table  by  this  method ;  but  it  being  merely  a 
repetition,  I  shall  now  only  take  notice,  that  if  a  large  survey,  such 
as  the  common  of  Hassendean  and  the  farm  of  Hareatanes,  can  be 
surveyed  with  it  in  a  damp  day,  although  the  paper  should  expand, 
a  few  indosures  can  be  equally  well  done  with  it  by  describing  a 
circle  upon  the  sheet  of  paper  fixed  upon  the  table,  and  the  bearings 
marked  upon  the  arc  by  letters  or  references,  the  same  as  is  done 
upon  Harestanes,  which  can  be  protracted  at  home  upon  any  scale 
you  choose  to  adopt.  The  theodolite  has  now,  however,  nearly 
superseded  the  plain  table. 

ART.  IV.^OF  THE  SEXTANT. 

This  figure  represents  a  box  sextant,  which  I  have  found  very 
useful  in  taking  an  angle  with  great  exactness  in  the  field :  it  is  so 
nicely  divided,  every  degree 
and  minute  can  be  read  upon  it 
(with  the  assistance  of  a  mag- 
nifying glass  L,)  and  is  so  con- 
venient, it  may  be  carried  in  the 
pocket,  being  only  two  inches 
and  a  half  in  diameter,  and  only 
about  two  inches  deep.  It  is 
a  great  improvement  on  the 
cross  staff;  for,  by  setting  the 
index  to  90  degrees,  it  gives  an 
exact  perpendicular,  by  reflecting  a  mark  or  pole  to  an  angle  of  90 
degrees  to  a  bend  or  angle  of  a  fence,  where  a  perpendicular  is 
required ;  it  also  answers  the  same  purpose  as  an  optical  square* 
used  in  military  observations  for  taking  right  angles  in  the  field. 
The  sextant  is  of  essential  use  in  trigonometrical  observations,  as 
any  angle  can  be  taken  with  it,  either  vertical  or  horusontal.  To 
take  an  observation  with  it  in  the  field,  set  the  index  to  o,  and  look 
through  the  telescope  or  a  small  hole  on  the  side  of  the  box  at  T ; 

*  The  optical  square  is  of  the  same  form  as  the  box  sextant,  having  the  index  and 
horizon  g^laas  permanently  fixed  at  half  a  right  angle,  and  is  now  frequently  em* 
ployed  in  place  of  the  ofibet  staff,  being  more  easily  carried. 
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hold  the  sextant  in  the  left  hand,  and  turn  the  pinion  near  S  with 
the  right  hand  towards  the  left,  and  it  will  cause  the  index  to  move 
towards  the  right,  at  same  time  looking  through  the  hole  at  T  to  a 
pole,  or  any  other  mark  you  want,  to  know  the  angle  where  you  stand 
to  another  pole  or  mark :  the  reflecting  glass  in  the  box  carries  one 
pole  to  the  other;  and  when  they  coincide  exactly,  one  over  the  other, 
the  index  points  out  the  degrees  and  minutes,  which  is  read  with  the 
help  of  the  magnifying  glass  L.  J£  the  angle  should  be  larger  than 
a  right  angle,  it  can  be  taken  at  two  observations ;  and  by  adding 
together  the  degrees  each  makes,  gives  the  angle  required.  If  a 
third  pole  is  set  up  at  any  distance  nearly  opposite  where  the  ob- 
server stands,  and  the  index  set  to  o,  look  through  the  hole  at  T, 
and  the  reflecting  glass  will  carry  the  first  pole  to  the  pole  placed 
nearly  opposite ;  mark  the  number  of  degrees  and  minutes  cut  by 
the  index ;  again,  set  the  index  at  o,  and  look  through  the  hole  at 
T,  and  by  tummg  the  pmion  as  before,  the  reflecting  glass  will 
carry  the  pole  opposite  to  the  other  pole ;  and  when  the  one  pole  it 
seen  exactly  over  the  other,  the  index  will  point  out  the  degrees 
and  minutes ;  which,  added  to  the  former  observation,  gives  the 
angle  required ;  and  it  may  either  be  plotted  by  a  protractor  or  a 
line  of  cords.  This  Uttle  instrui^ent  is  veiy  useful  in  takmg  smaU 
surveys,  and  supersedes  the  necessity  of  taking  krger  instruments 
to  the  field.  For  nicer  purposes,  a  box  circle  has  been  contrived 
by  the  editor,  having  three  verniers,  each  reading  to  one  minute, 
and  measuring  the  angle  to  right  and  left  alternately,  thereby 
obviating  the  effects  of  any  index  error.  It  is  provided*  with 
clamping  and  tangent  screws,  and  is  indispensable  in  marine  sur- 
veys for  observations  on  board. 

This  figure  shows  the  method  of  constructing  a  line  of  cords, 
which  may  be  laid  down  upon  any  scale  you  please,  (the  larger  it 
is  so  much  the  better.)  Kaise  a  per- 
pendicular upon  the  line  A  C  at  A  to 
B,  of  the  same  length  of  A  C ;  put  one 
foot  of  the  compasses  in  the  point  A, 
and  with  the  other  describe  an  arc 
from  B  to  C,  and  divide  that  quadrant 
into  nine  equal  parts;  then  draw  a 
line  from  B  to  C,  which  is  to  be  divided 
into  a  line  of  cords ;  and  is  done  in 
the  following  manner, — by  putting 
one  foot  of  the  compasses  in  the  point 
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C,  and,  with  an  extent  to  the  first  division  on  the  quadrant,  describe 
an  arc  from  it  to  the  line  of  cords ;  also  describe  an  arc  from  the 
second  division  on  the  quadrant  from  the  same  point  C  to  the  line 
of  cords ;  in  like  manner,  do  the  same  with  all  the  other  divisions, 
which  will  divide  the  line  into  nine  parts,  all  unequal :  each  of  these 
large  divisions  should  be  again  divided  into  tens,  as  represented 
on  the  figure. 

To  lay  off  any  angle  hy  the  line  of  cords,  —  Let  the  angle 
ABD,  28  degrees,  be  laid  off  with  a  pair  of  compasses.  Set  one 
foot  on  the  point  C,  and  extend 
the  other  to  60  on  the  line  of 
cords ;  with  that  extent  put  one 
foot  in  B,  and  describe  the  arc 
AD ;  then,  with  one  foot  in  C, 
on  the  line  of  cords,  extend  the 
other  foot  to  28  degrees  on  the 
line  of  cords,  and  with  that 
extent  put  one  foot  in  A,  and 
the  other  foot  will  extend  to 
D ;  lastly,  draw  a  line  from 
the  point  B  through  the  mark 
made  on  the  arc  AD,  which 
gives  the  required  angle  A  B  C, 

Let  an  angle  of  124  degrees  be  laid  off  from  A  on  the  Une  B  A ; 
take  60  degrees  as  before  between  the  points  of  the  compasses,  and 
describe  the  arc  B  C  from  the  point  A.  First,  take  off  90  degrees 
from  the  line  of  cords,  and  laj  it  off  from  the  point  B  upon  the 
arc  B  C,  which  mark ;  then  take  34  degrees  from  the  line  of 
cords,  and  put  one  foot  of  the  compasses  in  the  mark  at  90  de- 
grees, and  the  other  foot  will  extend  to  a  mark  upon  the  arc  at 
C ;  draw  the  line  A  C,  which  will  form  the  angle  BAG,  containing 
124  degrees  (being  the  sum  of  90  and  34 ;)  or  laj  off  half  the 
angle,  62  degrees,  twice  in  succession. 

Angles  may  be  laid  off  very  accurately  by  a  table  of  cords  and 
a  good  plane  scale,  as  was  practised  by  Bird,  in  dividing  his  large 
astronomical  instruments. 


This  figure  is  a  triangular  field  ABC,  where  the  short  fence  can 
only  be  got  at,  having  deep  quarries  and  other  impediments,  other- 
wise it  would  have  been  more  certain,  if  the  other  fences  could 
have  been  got  at,  to  have  measured  both,  or  even  one  of  them.    A 
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pole  being  placed  at  C,  another  at  B,  20  links  from  the  fence  on 
both  Bides,  in  the  inside  of  the  inclosure,  70U  stand  at  A ;  mea- 
sure the  offsets  to  the  fence  on  each  side,  20  links,  which  in- 
sert in  an  eye-sketch ;  20 
then  look  through  the                                    ..=c=sw-- — rr::^^^^^^^ 

telescope     T      in    the  C^_^^-,,«*r»rrrrrrrrrrr:=^^^^g^  ^        il 

sextant  to  the  pole  at  f^^^^^^v.,^^  ?/ 

B,  and  turn  the  in-  ^^****^=f;ii^5S:^  *// 

dex  with  the  right  ^^^^^^i&iir-.  «&   •/ 

hand  till  70U  see  the  ^^^^^^^-    *'''    m 

pole  B  and  the  pole  ^^^^^^^^^R 

C  exactly  over  one  8 

another  in  the  reflecting  glass ;  then  look  what  degrees  and  minutes 
is  cut  by  the  index,  which  is  76  degrees  30  minutes ;  you  then  measure 
the  distance  from  A  to  B,  which  is  408  links ;  liien  set  the  index 
to  0,  and  stand  at  B,  and  look  through  the  hole  to  the  pole  in  C ; 
turn  the  index  round  as  before  till  the  pole  at  C  is  seen  by  the 
reflecting  glass  immediately  above  the  pole  that  was  left  at  A,  and 
note  the  degrees  and  minutes  cut  by  the  index,  which  is  78 
degrees  30  minutes,  and  insert  the  angle  in  the  field-book. 

The  inclosure  may  be  plotted  by  drawing  a  line  at  pleasure,  and 
laying  off  408,  the  distance  from  A  to  B,  from  any  scale  you 
choose  to  adopt ;  then  take  60  degrees  from  a  line  of  cords,  and 
put  one  foot  of  the  compasses  in  A,  and  sweep  an  arc  with  that 
extent ;  then  take  off  76  degrees  30  minutes  from  the  line  of 
cords,  and  with  that  extent  put  one  foot  of  the  compasses  on  the 
line  you  drew  at  pleasure,  and  make  a  mark  with  the  other  foot 
on  the  arc,  and  draw  the  line  A  C  through  the  point  on  the 
arc ;  then,  with  the  extent  of  60  degrees,  taken  from  the  line  of 
cords,  put  one  foot  of  the  compasses  in  B,  and  describe  an  arc 
with  the  other  foot,  and  take  78  degrees  30  minutes  from  the  line 
of  cords,  and  lay  that  extent  off  upon  the  arc  from  the  line  A  B, 
and  make  a  mark  with  the  point  of  the  compasses ;  draW  a  line 
through  that  mark  from  the  point  B,  and  the  intersection  of  the 
line  A  C  at  E  ascertains  the  distance,  which  is  939,  and  is  known 
by  applying  the  length  of  the  intersected  line  to  the  scale  from  A 
to  C,  as  well  as  from  B  to  C.  The  angles  might  have  been 
equally  well  laid  off  with  a  protractor  of  large  radius.  The  next 
thing  to  be  done  is  to  lay  off  the  offsets,  which  is  20  each  way 
from  A,  and  20  each  way  from  B  ;  lay  a  ruler  upon  the  point  of 
intersection  C  and  the  offset  at  A,  and  draw  that  fence ;  then  lay 
a  ruler  upon  the  point  made  at  the  offsets  at  B  and  A,  and  draw 
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in  the  short  fence ;  then  lay  the  ruler  upon  the  point  of  intersec- 
tion at  C  and  the  prick  at  the  offset  made  at  B ;  draw  in  that 
fence,  and  it  is  finished.  Note. — The  most  correct  method  of 
ascertaining  the  distance  of  so  acute  an  angle  asB  C  Ais  to  calcu- 
late it  bj  logarithms.  ^ 

This  figure  shows  a  method  of  taking  the  survey  of  an  inclosure 
in  a  mnch  quicker  way  than  any  that  has  hitherto  been  taken  notice 


.."# 


•  *  ^* 

'.    *..•'       \  34  00 
^'» \ 


of,  and  is  done  as  follows  :  let  this  quadrilateral  inclosure  be 
laid  down  by  measuring  only  the  diagonal  and  the  angles  taken 
with  the  sextant.  Suppose  the  diagonal  is  1267  links,  place  up 
poles  (with  red  flags  upon  them,  that  they  may  be  more  conspicuous) 
at  B,  C,  and  D ;  look  from  A  to  D  through  the  little  eye-hole,  or 
telescope  of  the  sextant,  and  carry  the  pole  at  D  till  you  see  it 
coincide  exactly  in  the  reflecting  glass  in  the  box  immediately  above 
the  pole  in  C ;  insert  that  angle,  which  is  34  degrees,  in  the  field- 
book  ;  then  look  through  the  hole,  after  having  put  the  index  to  o, 
and  then  turn  the  index  round  till  you  see  the  pole  in  C  and  the 
pole  in  B  to  coincide,  and  set  that  angle  down  in  the  field-book, 
which  is  67  degrees ;  then  go  to  C,  and  look  through  the  hole  to 
the  pole  at  B ;  turn  the  index  round  till  you  see  it  and  the  pole 
left  in  A  to  coincide  exactly  (the  one  appearing  immediately,  as  it 
were,  above  the  other  in  the  reflecting  glass) ;  then  set  down  in 
your  field-book  the  angle,  which  is  34  degrees ;  set  the  index  to  o, 
and  look  through  the  hole  in  the  side  of  the  box  as  before,  and  turn 
the  index  round  till  you  see  the  pole  in  A  and  the  pole  in  D  to 
coincide  so  as  the  one  appears  immediately  above  the  other ;  lastly, 
insert  that  angle,  which  is  53  degrees. 

To  make  out  a  plan  of  the  inclosure,  draw  a  line  at  pleasure  with 
a  black-lead  pendl  to  represent  the  diagonal,  and  lay  off  the  dis- 
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tance,  which  is  1267,  from  anj  scale  you  choose  (the  figure  is  laid 
down  by  a  scale  of  one-fourth  of  an  inch  to  a  chain) ;  but,  to  be  very 
correct,  you  should  use  one  much  larger ;  then  with  a  protractor, 
or  the  line  of  cords,  lay  off  the  angle  CAB,  which  is  67  degrees, 
and  draw  a  line  from  A  through  the  point  made  in  B ;  then  lay  off 
the  angle  A  C  B,  34  degrees,  and.  draw  the  line  from  C  through  the 
prick  or  point  made  upon  the  line  C  B,  the  intersection  is  the  dis- 
tance to  B  ;  then  lay  off  the  angle  C  A  D,  34  degrees,  from  A,  and 
draw  in  the  line  A  D ;  also  lay  off  the  angle  A  C  D,  53  degrees, 
and  draw  the  line  C  D ;  and  where  these  lines  intersect,  ascertain 
the  distance  from  C  to  D,  as  well  as  from  A  to  D  ;  then  lay 
off  the  offsets  30  and  15  from  A,  and  draw  in  the  fences,  and  it  is 
done. 

ART.  v.— OF  PROTRACTORS  AND  PARALLEL  RULERS. 

■ 

This  figure  represents  a  protractor,  wherewith  as  many  angles 
or  bearings  may  be  pricked  off  as  you  choose  to  lay  off  at  a  time : 
o  is  the  centre,  made  of  a  piece 
of  glass  with  lines  drawn  across 
it  at  'right  angles,  on  purpose 
that  the  centre  may  be  seen 
through  the  glass  when  laid 
exactly  upon  the  stations,  there- 
by avoiding  the  effects  of  paral- 
lax: PJ7  is  a  movable  index 
with  a  vernier  scale  :  it  is  the 
kind  of  protractors  that  is  acknowledged  the  best  by  those  that 
use  it,  and  most  accurate  in  practice :  the  outer  circle  on  the 
limb  is  generally  made  about  seven  or  eight  inches  in  diameter,  and 
is  either  divided  into  360  degrees,  or  into  twice  180  degrees;  each 
degree  is  subdivided  by  a  vernier  scale  into  minutes,  (or  less  if  re- 
quired,) which,  with  the  index,  is  moved  by  a  rack  and  pinion,  P, 
round  the  glass  centre,  and  the  limb  and  vernier  points  out  the  de- 
grees and  minutes  ;  sipp^  near  the  end  of  the  index,  are  fixed  very 
fine  steel  points  to  prick  off  the  angles  or  bearings  by  pressure ;  the 
points  at  the  extremity  of  the  index  being  in  a  direct  line  with  the 
centre  of  the  glass  on  the  protractor,  on  purpose  that  the  centre, 
when  laid  upon  the  station  point  and  the  point  at  the  end  of  the 
index,  may  coincide ;  then  the  protractor  is  laid  upon  the  meridian, 
which  is  a  line  drawn  upon  the  protracting  paper,  one  end  repre- 
senting the  south,  the  other  the  north,  with  the  reading  index  at 
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zero,  generally  to  the  north.:  when  the  protractor  is  fixed  as  above, 
prick  off  as  many  bearings  or  angles  at  a  time  as  you  choose ; 
during  the  time  you  are  turning  the  index  round  with  one  hand, 
with  the  other  hand  hold  the  protractor  fast  to  the  paper,  to  pre- 
vent its  shifting.  This  is  better  accomplished  by  fine  steel  pins 
permanently  fixed  in  the  brass  circle,  or  by  a  cylin(£rical  lead  weight, 
with  a  circular  hole  in  its  centre,  through  which  the  intersection  of 
the  lines  upon  the  glass  may  be  distinctly  seen.  This  protractor  is 
allowed  to  be  more  expeditious  in  laying  off  bearings  than  those 
that  are  made  finer,  with  a  rack  and  pinion  to  move  the  index ; 
but  a  practical  surveyor  in  general  prefers  a  semicircular  one,  up- 
wards of  a  foot  in  diameter,  with  each  degree  divided  into  quarters, 
which  answers  the  same  purpose,  and  can  be  made  at  one-fourth  of 
the  expense, besides  being  more  expeditious:  when  its  centre  is  once 
laid  upon  the  station,  and  the  chamfered  edge  laid  exactly  on  the 
meridian  line,  which  should  be  kept  steady  and  firm  to  the  paper  by  a 
weight  laid  upon  it,  with  the  point  of  a  pair  of  compasses,  a  protract- 
ing pin,  or  a  fine  needle,  prick  off  the  bearings,  counting  each  of  the 
four  small  divisions  that  each  degree  is  divided  into  fifteen  minutes, 
which  you  can  again  divide  with  your  eye  into  five  minutes,  or  less 
if  you  choose.  A  land-surveyor  need  be  at  no  loss  although  he 
should  have  no  brass  protractor,  as  he  can  make  a  semicircular 
one  of  large  dimensions  with  a  pair  of  compasses,  as  large  as  the 
protracting  paper  will  hold;  fix  upon  any  part  of  the  paper  you 
choose  for  a  centre,  which  mark  thus  Q.  As  it  will  often  have  to 
be  resorted  to  when  you  have  to  protract  your  bearings,  the  larger 
you  make  the  protractor  the  better.  In  die  Ordnance  Map  Office 
large  engraved  paper  protractors  are  used,  which  have  the  property 
of  expanding  and  contracting  by  the  state  of  the  atmosphere  nearly 
in  the  same  ratio  as  the  drawing-paper  on  which  the  plan  is  being 
constructed.  These  are  sometimes  divided  to  show  ten  minutes, 
and  five  or  less  may  be  easily  estimated.  For  the  easier  imder- 
standing  it,  I  have  laid  one  down  on  the  farm  of  Bonnyton,  Plate 
m.,  whereon  the  angles  on  that  farm  were  all  protracted ;  which, 
although  done  upon  a  small  scale,  you  may  suppose  to  be  upon  a 
sheet  of  large  drawing-paper,  at  least  six  times  the  diameter  of  the 
one  on  Plate  III.  Some  surveyors  reckon  this  troublesome,  and 
without  doubt  it  is  to  make  the  first ;  but  I  shall  only  observe  here, 
that  after  one  has  been  made,  you  may  make  as  many  more  as  you 
please  with  very  little  trouble,  by  oidy  laying  the  one  you  have 
made  upon  four,  five,  or  six  sheets  of  paper,  and  pricking  off  every 
degree  with  a  very  fine  needle  or  protracting  pin,  as  you  will  ob- 
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serve  is  done  by  short  lines  on  the  fi^rm  of  Bonnyton,  Plate  III. 
In  place  of  those  short  strokes,  you  have  only  to  prick  through  every 
sheet  of  paper  with  a  needle  or  protracting  pin,  which  always 
remains  visible.  The  only  trouble  that  now  remains  is  to  mark  the 
figures,  representing  the  degrees,  with  a  black-lead  pencil,  which 
are  rubbed  out  when  the  survey  is  protracted,  similar  to  those  that 
are  marked  on  the  farm  of  Bonnyton ;  so  that,  when  one  is  made, 
you  may  make  as  many  more  as  you  please,  or  think  you  will  want, 
by  the  additional  trouble  of  numbering  every  fifth  degree,  as  is  done 
on  the  Plate.  A  protractor  of  this  kind  can  never  shift  like  those 
that  are  made  of  brass,  which  they  sometimes  do  in  the  hands  of 
very  careful  land-measurers.  If  you  want  to  be  very  nice,  I  have 
inserted  a  small  scale,  marked  A.  Supposing  each  degree  upon 
your  protractor  to  be  three  times  larger  than  the  degrees  upon  the 
farm  of  Bonnyton,  you  can  easily  make  one  similar  upon  any  blank 
comer  on  your  paper  the  size  of  the  degrees  on  your  protractor, 
and  divide  one  degree  into  six  equal  parte,  which  is  equal  to  10 
minutes  eadi  division :  if  you  choose  to  take  the  minutes,  you  may 
do  it  within  5  minutes  with  a  pair  of  compasses  applied  to  that 
scale ;  for  example,  you  want  to  lay  off  11  deg.  25  min.,  set  one 
foot  of  the  compasses  in  10  deg.  marked  on  the  protractor,  and  let 
the  other  fi>ot  extend  2  divisions  and  a  half  past  11,  which  will  be 
11  deg.  25  min. ;  or  if  you  wanted  to  lay  off  90  deg.  40  min.,  you 
can  with  the  compasses  take  off  4  more  than  90,  which  is  equal 
to  40  min.  If  you  find  it  troublesome  to  take  off  with  the  compasses 
4  of  these  small  divisions  on  the  scale  A,  you  can  put  one  foot  in 
10,  and  let  the  other  foot  extend  4  divisions  past  11 ;  then  apply 
that  extent  to  the  protractor,  and  put  one  foot  in  89,  and  the  other 
foot  will  extend  40  minutes  past  90,  which  mark,  and  draw  the 
bearing  from  the  centre  through  the  mark.  A  practical  surveyor 
can  estimate  upon  the  protractor  the  minutes  yery  near,  without 
applying  the  compasses  to  any  scale.  Not  to  enlarge,  I  shall  only 
say  that  I  give  the  preference  to  a  protractor  of  large  dimensions, 
of  a  surveyor's  own  making,  to  any  other,  and  that  all  who  have 
used  them  have  uniformly  approved  of  them.  In  making  use  of 
one,  you  have  no  numbers  or  bearings  to  mark,  where  the  bearings 
are  pricked  off  with  other  protractors,  nor  the  bearing,  or  a  number 
referring  to  the  bearing,  to  set  down  upon  the  protracdng  paper 
with  a  black-lead  pencil,  as  every  5  degrees  are  marked  upon  it^ 
and  the  bearing  you  may  want  to  lay  off  is  instantly  found  out  on 
the  paper  protractor ;  the  odd  degrees  can  be  easily  traced  with  the 
eye ;  for  example,  you  want  to  lay  off  38  degrees,  find  out  35,  and 
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reckon  3  degrees  more,  which  is  38  degrees ;  if  the  bearing  should 
.  be  38  degrees  30  minutes,  comit  off  38  as  above,  and  guess  the  half 
of  another  degree.  Your  protractor  being  of  large  dimensions, 
you  can  estimate,  within  a  minute  or  two,  which  Lb  as  near  as  most 
protractors  made  of  brass  can  lay  them  off,  although  ever  so  finely 
divided  with  an  index  and  vernier ;  the  breadth  of  the  mark  that  is 
made  with  the  point  that  is  placed  at  the  end  of  the  index  of  those 
protractors  covers  more  than  5  mm.  Lay  a  parallel  ruler  or 
the  T  square,  which  will  be  afterwards  described,  upon  the  centre, 
and  on  the  angle  or  bearing  you  want  to  lay  down ;  then  move 
it  parallel  up  to  any  station  from  which  you  want  to  lay  off  that 
bearing ;  draw  a  line  from  the  station ;  lay  off  the  distance  upon 
that  line  by  the  plotting  scale,  or  from  a  scale  of  equal  parts,  and 
a  pair  of  compasses ;  you  then  look  for  the  next  bearing  that  is  on 
the  field-book,  and  find  that  bearing  on  the  paper  protractor,  and 
lay  the  edge  of  the  ruler  upon  the  centre,  and  the  degree  and 
minute,  and  move  it  parallel  up  to  the  station  that  was  last  laid  off, 
and  draw  that  bearing,  and  prick  off  the  next  distance.  K  you 
have  ten  or  twenty  bearings  and  distances,  they  are  all  laid  off  in 
the  same  manner. 

It  will  be  proper  to  observe  here,  that  one  line  drawn  parallel  to 
another  has  the  same  bearing  from  the  meridian,  whether  drawn 
from  the  centre  of  the  paper  or  any  other  part  of  it ;  so  that  if  a 
parallel  ruler  or  the  T  square  is  laid  upon  the  centre,  and  the  de- 
grees and  minutes  upon  the  edge  of  the  semicircle  where  a  bearing 
was  taken  to  a  pole  or  any  other  mark  from  the  centre,  and  if  the 
parallel  ruler  or  T  square  is  moved  parallel  to  any  station  you  have 
to  lay  off  the  bearing  firom,  it  is  the  same  bearing  as  if  laid  off  from 
the  centre,  corresponding  to  the  degrees  and  minutes  on  the  pro- 
tractor. 

Fig.  page  86,  represents  a  square  protractor,  with  the  outline  of 
the  farm  of  Broad  Meadows  drawn  upon  it,  which  was  protracted  by 
it  on  a  small  scale  of  40  chains  in  an  inch ;  but  you  may  suppose  it 
to  be  on  a  large  sheet  of  drawing-paper,  or  at  the  edge  of  a  drawing 
board.  If  you  will  be  at  the  trouble  of  making  it,  one  will  serve 
for  numbers  of  plans,  and  will  save  the  time  of  drawing  protractors 
on  paper,  which  some  surveyors  object  to  on  account  of  the  trouble 
of  making  them ;  but,  in  my  opinion,  any  trouble  they  give  is 
but  trifling.*    It  is  well  known  to  most  of  them,  that  the  radius  of 

*  This  additional  trouble  may  be  sayed  almost  entirely  by  keeping  a  paper  pro- 
tractor, either  drawn  or  engraved,  which,  placed  on  the  sheet  intended  to  receive 
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a  Circle  is  the  sixth  part  of  the  circumference ;  and  if  a  line  is  drawn 
through  the  centre,  and  cuts  the  circle  in  halves,  then  with  the 
radius  between  the  compasses  divide  the  circle  in  6  parts,  each  of 
these  divisions  being  60  degrees ;  again,  divide  each  of  these  divi- 
sions by  6,  which  is  soon  done  by  taking,  as  near  as  you  can  guess, 
a  short  distance  between  the  compasses,  and  run  along  the  arc 
from  one  division  to  another  till  it  is  divided  into  6  equal  parts. 
This  divides  the  circle  into  36  equal  parts,  each  division  being  10 
degrees ;  then  divide  each  of  these  divisions  into  5  degrees,  or  taking 
one  half,  which  divides  the  circle  into  72  parts ;  lastly,  divide  each 
of  the  72  divisions  into  5,  and  the  circle  will  be  divided  into  360 
equal  parts  called  degrees ;  then  mark  every  5, 10, 15, 20  degrees, 
till  you  have  gone  all  round  from  the  left  to  the  right;  also  mark  180. 
Begin  again,  and  write  5  after  180,  and  so  on  as  in  the  other  semi- 
circle, 10, 15,  20, 25,  to  180.  If  you  choose  to  divide  the  whole  circle 
into  360  degrees,  in  place  of  beginning  anew  at  180,  write  185, 190, 
195,  200,  till  you  have  gone  all  round ;  when  this  is  finished,  you 
may  make  as  many  more  as  you  please,  as  explained  in  page  78« 

I  have  now  to  point  out  what  way  a  square  protractor  is  made, 
after  you  have  made  a  round  one  upon  paper  of  large  dimensions. 
Gret  a  drawing-board,  made  at  least  30  inches  by  3  feet,  and  paste 
a  slip  of  white  paper  round  the  edges  of  it,  or,  what  is  better,  a 
piece  of  white  wood  abouthalf  an  inch  broad,  sunk  into  the  drawing- 
board,  on  each  side  of  it  near  the  edge,  and  draw  two  lines  on  each 
side  as  on  the  plate ;  if  it  is  done  on  paper,  draw  the  line  with  a 
drawing-j^en ;  but  if  done  on  wood,  use  a  sharp  point,  which  will 
leave  a  scratch  or  impression  on  the  wood ;  then  take  one  of  the 
paper  protractors,  and  lay  its  centre  upon  the  centre  of  the  drawings 
board,  and  let  the  diameter  be  laid  parallel  with  the  sides  of  the 
board ;  when  thus  laid,  fasten  the  paper  to  the  board  with  drawing- 
pins  or  wax,  so  as  it  will  not  shift ;  then  apply  a  rule  or  straight 
edge  to  the  centre,  and  the  divisions  on  the  paper  protractor,  and 
where  the  straight  edge  crosses  the  square  at  the  edge  of  the  board 
make  a  scratch  with  the  steel  point ;  do  the  same  at  eveiy  division 
till  you  have  gone  all  round ;  when  that  is  done,  mark  every  5th 
degree  as  directed  above.  When  you  have  any  thing  to  protract, 
lay  a  sheet  of  paper  upon  the  drawing-board,  and  fix  it  upon  the 
board  with  drawing-pins,  wafers,  or  wax.  The  centre  of  the  white 
paper  is  easily  found  out  by  applying  the  straight  edge  to  the  me- 
ridian, and  drawing  a  line  with  the  point  of  the  compasses  close  to 

the  plan,  may  havo  each  degree  and  fifteen  or  ten  minutes  pricked  through  by  the 
point  of  a  fine  needle. 
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the  edge  of  the  ruler;  do  the  same,  by  crossing  the  meridian  line 
at  right  angles  by  laying  the  straight  edge  upon  90  degrees,  and 
90  degrees,  if  divided  into  twice  180 ;  but  if  divided  into  360,  let 
the  straight  edge  be  laid  to  90  on  the  east  side  and  270  on  the  west 
side,  and  draw  a  line  close  to  the%dge  of  the  straight  edge;  and 
when  that  line  bisects  the  meridian  line,  it  fixes  the  centre  upon 
the  plotting^paper,  wliich  should  be  marked  thus  0. 

Parallel  lines  to  a  land-measurer,  &c.  occur  so  often  in  plotting, 
it.is  no  wonder  that  so  many  different  kinds  of  parallel  rulers  have 
been  invented  to  expedite  and  facilitate  his  work.  Many  ingenious 
improvements  have  been  made,  and  to  give  an  account  of  each 
would  be  unnecessary;  let  it  ^iffice  to  describe  first  the  simple 
parallel  ruler. 

This  figure  represents  a  parallel  ruler,  acting  on  the  principle  of 
the  parallelogram.  It  consists  of  two  straight  rules,  which  are  so 
connected  together  as  to  keep  in  a 
parallel  position  by  two  equal  and 
pandlcl  bars,  which  move  vei7  freely 
on  riveted  pins,  by  which  they  are  fastened  to  the  rules. 

This  figure  is  a  rolling  parallel  ruler,  so  called  from  the  easy 
manner  in  which  it  runs,  being  supported  by  two  wheels,  which 
are  connected  together  by  an  axis ; 
the  wheels  are  made  the  same  size, 
and  their  rolling  surfaces  being  pa- 
rallel with  the  axis,  when  they  are  rolled  backwards  and  forwards, 
the  axis  and  rulers  move  in  a  direction  parallel  to  one  another ;  the 
wheels  project  a  little  on  the  under  side  of  the  rule,  and  are  cham- 
fered and  grooved  to  prevent  them  from  sliding.  In  using  it,  the 
finger  should  be  placed  nearly  in  the  middle,  that  the  one  wheel 
may  keep  pace  with  the  other.  The  wheels  should  only  touch  the 
paper  when  the  ruler  is  moving,  and  the  surface  of  the  drawing- 
paper  should  be  smooth  and  flat  upon  a  table  or  drawing-board. 
These  are  best  when  made  of  brass  entirely,  which,  by  weight, 
gives  steadiness  to  the  instrument. 

This  figure  is  what  is  known  by 
the  name  of  a  crass  harparaUelruler^ 
and  is  made  of  two  straight  rulers 
joined  by  two  brass  bars,  which  cross 
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each  other  on  a  centre.  One  end  of  each  bar  moves  upon  a  centre 
in  each,  the  other  moveB  in  a  groove  as  one  rule  recedes  from  the 
other.  This,  as  well  as  the  simple  parallel  ruler,  is  used  in  the  same 
way  as  most  other  parallel  rulers.  I  will  only  further  observe  that, 
when  working  with  them,  70U  should  press  the  edge  of  the  lower  rule 
tight  with  one  hand,  and  with  the  other  move  the  ruler  up  or  down 
till  it  coincides  with  the  given  point,  through  which  a  line  is  to  be 
drawn. 


This  is  a  well-known  square,  amongst  architects  called  a  Taqucare; 
which  undoubtedly  answers  the  purpose  of  a  parallel  ruler  to  a 
landH9urveyor,  with  the  addition  of  a 
separate  piece  of  wood  about  sixteen 
inches  in  length,  an  inch  and  a  half 
broad,  andhalf  an  inch  thick,  smoothly 
plained  and  made  straight  to  let  the 
head  of  the  T  square  run  eaoly  along 
it,  and  is  called  the  T  square's  comr 
panian.  The  T  square  requisite  for 
a  land-surveyor  should  be  at  least  two 
or  two  feet  and  a  half  in  length,  and 
the  head  of  it  six  or  eight  inches,  fixed 
exactly  at  right  angles.  By  mere 
accident  the  T  square  and  its  com- 
panion was  found  to  answer  much  better  than  any  of  the  above 
described  parallel  rulers,  or  any  others  yet  invented  for  the  use  of 
land-surveyors,  in  facilitating  their  protractions ;  and  not  one  sur- 
veyor that  I  am  acquainted  with  has  ever  used  any  other  parallel 
ruler  since  they  made  a  trial  of  it.  All  of  them  allow  that  it  is  not 
only  the  most  exact,  but  the  most  expeditious :  and  I  may  venture 
to  say,  that  all  other  land-measurers  who  survey  with  a  dieodolite, 
after  having  once  made  a  trial  of  it,  will  give  it  the  preference  to 
all  other  rulers  that  they  ever  used,  both  for  expedition  as  well  as 
fieusility  and  cheapness. 


AET.  VL— OF  THE  CIRCUMFERENTER. 


This  figure  represents  a  circumferenter,  which  is  a  compass^box 
with  two  plain  sights,  like  those  on  the  plain  table  index,  and 
a  magnetic  needle,  which  points  out  the  bearings.  The  one 
sight  is  placed  over  the  Jlmr  de  lisj  or  north  point,  and  the 
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other  is  placed  exactly  opposite,  over  the  emuth  point.  To 
take  an  angle  or  beaming  with  it,  aet  it  up  upon  the  legs 
whidi  support  it  as  level  as  you 
can,  which  jou  will  ea«ly  know 
by  the  needle's  traverrang  freely 
in  tbe  compass-box.  If  you  look 
tlirougfa  the  ught  that  is  over  the 
north  point,  tbe  south  end  of 
the  needle  will  point  oat  the  bear- 
ing when  it  settles.  Tbe  divi«ons 
in  tbe  box  are  numbered  in  the 
compass-box  the  contrary  way  you 

look — east  bong  put  where  west  should  be,  and  vice  versa.  This 
ifl  the  reason  of  the  south  end  of  the  needle  pointing  out  the  bear- 
ing. It  is  best  to  get  it  divided  into  180  degrees,  and  either  end 
of  the  needle  will  point  out  the  bearing.  In  this  way  the  protrac- 
tor is  divided  the  contrary  way  that  tbe  needle  goes ;  therefore  the 
degrees  in  the  compass-box  are  ^vided  in  tbe  opposite  way  of  the 
protractor.  Some  surveyors  that  use  Hm  instrnmmt  have  it 
divided  into  four  nineties,  and  reckon  so  many  degrees  from  the 
north  to  the  east,  and  so  on  from  east  to  south,  and  from  south 
to  west,  and  fr^m  west  round  to  north.  Whatever  way  it  is 
divided,  tbe  protractor  must  be  divided  tbe  contrary  way  to  tbe 
degrees  in  tbe  compass-box,  otherwise  the  work  will  not  protract ; 
in  short,  those  that  use  this  instrument,  divided  into  360  degrees, 
must  protract  thrar  work  by  a  protractor  diametrically  opposite  tbe 
degrees  in  the  compass-box.  By  taking  bearings  with  the  circom- 
ferenter,  every  thing  is  trusted  to  the  needle ;  and  the  method  of 
protracting  and  laying  o£F  the  bearings  is  done  in  the  same  way  as 
in  the  farm  of  Tipper^.  It  is  needless  to  give  here  a  particular 
description.  Since  the  great  improvements  that  have  been  made 
on  theodolites,  this  instrument,  as  well  as  the  semicircle,  is  gone 
very  mudi  out  of  repute  in  Britain ;  but  no  instrument  has  yet 
been  invented  equal  to  it  for  taking  surveys  through  woods  and 
uncleared  grounds,  such  as  in  America ;  and  it  is  still  very  much 
used  in  that  cotmtry,  particularly  where  it  is  intricate.  It  is 
found  by  experience  that  the  circumferenter,  when  placed  at  every 
other  station,  by  taking  a  back  nght  and  then  a  fore  sight,  pro- 
viding the  degrees  in  the  compass-box  be  divided  into  twice  180 
degrees,  is  not  only  the  most  correct  method,  but  the  most  expedi- 
tious to  survey  with.*  It  is  also  used  in  coalpits  and  mines 
*  Mr  AinoUe  twcma  to  hftve  bad  a  peculiar  parUalitj  to  bave  all  bia  InstnimrotB 
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in  taking  bearings,  which  are  protracted  in  the  same  way  as  par- 
ticularly described  on  the  farm  of  Tipperty,  page  94.  Much 
more  might  be  said  of  this  instrument ;  but  this  will  be  deferred 
to  the  surveying  of  land  with  the  theodolite.  The  way  colliers 
use  this  instrument  below  ground  is  by  planting  it  at  the  bottom 
of  the  pit,  and  taking  a  bearing,  suppose  in  a  zigzag  mine,  and 
measuring  the  distance  to  a  candle,  which  is  placed  as  far  along 
the  mine  as  the  candle  can  be  seen,  and  the  distance  and  the 
bearing  inserted  in  a  book.  The  instrument  is  planted  up  imme- 
diately above  the  mark  where  the  candle  stood,  and  the  candle 
again  placed  as  far  as  it  can  be  seen  through  the  sights,  and 
another  bearing  and  a  distance  measured,  which  should  be  also 
marked  in  the  book.  In  this  manner  you  go  on  to  as  many  dif- 
ferent stations  as  the  mine  is  in  length,  setting  down  every  dis- 
tance and  bearing  to  the  end  of  the  mine.  The  same  operation  is 
repeated  above  ground  as  was  done  below.  Plant  the  instrument 
as  near  the  pit  as  you  can  get  it  placed,  and  order  your  assis- 
tant to  go  forward  with  a  pole ;  in  the  mean  time,  set  the  needle 
to  the  same  bearing  it  was  at  below  ground  in  the  bottom,  to  the 
first  candle  that  was  placed  in  the  mine,  screw  the  circumferenter 
fast  with  the  screw  that  fixes  it  upon  the  legs,  and  look  through 
the  sights  to  your  assistant :  if  he  is  not  right,  cause  him  to  move  to 
the  right  or  left  till  you  see  him  exactly  on  the  line,  and  sign  to  him  to 
place  up  his  pole,  which  is  in  a  line  with  the  same  bearing  that  was 
taken  below  ground  on  the  first  line ;  then  examine  your  book, 
and  measure  the  same  distance  above  ground  you  measured  below, 
in  a  line  to  your  assistant,  and  place  the  instrument  up  at  the 
end  of  the  line ;  then  order  your  assistant  to  go  forward  while  you 
place  the  needle  exactly  over  the  second  bearing  you  took  below 
ground,  and  sign  to  him  to  place  his  pole ;  when  he  is  seen  exact 
on  the  line,  you  look  your  book  for  the  length  of  the  next  line^ 
and  measure  the  length  above  ground ;  go  on  in  this  manner  till 
you  have  taken  the  same  bearings  and  the  same  distances  above 
ground  as  you  measured  below,  which  determines  the  spot  for 
digging  a  new  pit  to  reach  a  certain  vein  of  coal. 

An  experienced  land-measurer,  in  place  of  using  the  circum- 
ferenter, would  take  all  his  bearings  with  a  theodolite,  and  pro- 
tract and  lay  down  all  the  zigzag  angles  and  distances  carefully 
that  were  taken  below  ground  upon  a  plan,  and  draw  a  line  upon 

divided  into  twice  180  degrees.     In  some  cases  it  may  be  convenient^  but  its  uni- 
versal adoption  seems  to  us  unwarranted  by  general  experience. 
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the  plan  from  the  pit  mouth  to  the  end  of  the  mine ;  he  would 
then  applj  the  protractor,  and  lay  it  upon  the  plan  in  the  same 
way  it  lay  when  he  laid  down  the  zigzag  angles,  and  see  how 
many  degrees  and  minutes  the  line  cuts  upon  the  edge  of  the  pro- 
tractor ;  he  then  goes  to  the  pit  mouth,  and  sets  his  theodolite  in 
the  same  position  it  was  below  ground,  and  then  puts  the  index  to 
the  same  degrees  and  minutes  as  were  cut  upon  the  protractor, 
and  orders  one  of  his  assistants  to  go  forward  and  place  a  pole, 
by  directing  him  to  the  right  or  left  till  he  is  seen  through  the 
telescope  or  sights.  The  surveyor  then  measiu*es  the  length  of  the 
line  upon  his  plan  with  a  pair  of  compasses,  and  applies  them  to 
the  same  scale  he  protracted  the  bearings,  by  which  he  ascertains 
the  distance  to  be  measured  from  the  pit  mouth  in  a  line  towards 
the  pole,  which  determines  the  place  for  digging  a  new  pit  by 
measuring  one  line  only. 

Schmalcalder's  surveying  compass  will  supply  the  place  of  the 
circumferenter  very  advantageously,  and  is  much  more  portable.  It 
is  more  frequently  denominated  the  pris-  fr\ 
matic  compass.  A  B  is  the  prismatic 
compass  of  brass,  containing  ^e  card, 
having  its  exterior  edge  divided  into  de- 
grees. In  some,  these  are  subdivided  into 
30  or  20  minutes.  H  is  an  upright  stem, 
into  an  opening  of  which  is  inserted  a 
silk  thread.  S  is  the  sight-vane,  movable 
to  suit  the  focus  of  the  eye  of  the  observer, 
placed  near  L,  in  which  there  is  a  diagonal 
reflector,  to  enable  the  observer  to  see  the 
divisions  bisected  by  the  thread,  and  cut- 
ting the  object  observed  at  the  same  time.  G  is  a  coloured  glass, 
to  be  turned  over  the  eye-slit  when  the  sun  is  observed.  Below  is 
a  pin  to  be  fixed  in  a  st&£F,  when  steadiness  is  necessary. 

This  figure  is  the  outline  of  the  farm  of  Broad  Meadows,  which 
was  surveyed  with  the  circumferenter,  and  each  bearing  taken 
with  the  needle  by  its  pointing  to  the  degrees  marked  in  the 
compass-box,  and  protracted  by  a  square  protractor,  which  is 
engraved  round  the  plan  of  the  farm  of  Broad  Meadows,  and  which 
is  divided  into  triangles  and  trapeziums,  to  g^ve  the  learner  an  idea 
how  it  and  other  grounds  are  commonly  divided  before  the  area 
is  obtained.     (See  the  calculation  in  Areas.) 
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A.    \    ^  \  ^  ^_%  '*-M---.? . »  f„.f  j....f.„:^^ 


The  field-book  of  Broad  Meadows 


BeI  RINGS. 

Deg^  Min. 

70  30 

96  24 

65  30 

116  0 

J6  20 

140  0 

27  0 

174  0 

76  50 

101  0 

90  30 

60  0 


131 
3 


0 
20 


146  15 

28  0 

156  20 

20  25 


Easterly, 

Do. 

Do. 

Do. 
Northerly, 

Do. 

Do. 

Do. 
Westerly, 

Do. 

Do. 

Do. 

Do. 
Southerly, 

Do. 

Do. 

Do. 

Do. 


from  A  to 

...  Bto 

...  Cto 

...  Dto 

...  Eto 

...  Fto 

...  Gto 

...  Hto 

...  I  to 

...  Kto 

...  L  to 

...  Mto 

...  Nto 

...  0  to 

...  Pto 

...  Q  to 

...  Rto 

...  S  to 


was  kept  as  follows : — 
Distances. 

Llnkk 

B  1930 
C        1460 

D  1000 

E  1520 

F  1620 

G  1240 

H  1218 

I  1550 

K  1450 

L  1212 

M  1326 

N  1000 
0  915 

P  1080 

Q  1250 

R  1380 
S  860 

A  .  1300,  which  makes  a  close. 


JV.  B. — In  sarveying  with  the  circiimfer6iiter«  every  bearing  or  angle  is 
iutrusted  to  the  magnetic  needle. 
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ART.  VII.— OF  THE  THEODOLITE. 

This  figure  is  the  representation  of  a  repealing  theodolite,  which  ia 
now  the  most  common  instrument  that  is  made  use  of  by  experienced 
practical  BOrveyors,  and 
has  many  advantages 
aver  all  other  Burveying 
■nstnunents,  particnlarly 
for  taking  tfie  surveys 
of  large  estates.  To  say 
any  thing  here  of  the 
invention  would  be  sn- 
peifluous,  aa  most  ma- 
thematical instrument 
makers  claim  having 
made  improvements  up- 
on it. 

Mr  Siseon  was  the  first  person  that  made  any  great  improve- 
ments. His  first  theodolites  were  made  wiUi  plain  sights,  like 
those  on  the  rarcnmferenter ;  two  of  which  were  fixed,  one  over 
the  north  point,  and  the  other  over  the  south  point.  There  were' 
also  two  movable  sights  that  went  round  the  centre,  which 
pointed  out  the  degrees  and  minutes  npon  the  limb,  with  an  index 
and  nonins  for  reading  the  minutes.  Mr  Sisson  afterwards  made 
his  theodolites  with  a  telescope,  and  divided  the  limb  into  twice 
180  degrees,  which  made  it  answer  a  semicircle  as  well  as  a 
theodolite.  Messrs  Adams,  Jones,  Ramsden,  Cary,  Trooghton, 
and  Adie,  lay  claim  to  having  made  great  improvements;  and 
indeed  it  may  be  safely  allowed,  that  the  united  abilities  of  those 
gentlemen  have  brought  the  theodolite  to  a  state  of  the  highest 
perfection.  Since  the  invention  of  Mr  Bamsden's  fUviding  mfr* 
chine,  instead  of  dividing  the  limb  into  twice  180  degrees,  liiey 
now  divide  it  into  360  degrees,  and  many  of  them  have  two 
telescopes ;  one  of  which  is  always  in  a  line  with  the  north  and 
sonth  divimon  on  the  limb,  or  may  be  put  in  any  poution  so  as  to 
repeat  the  measurement  of  the  ang^e  as  often  as  required,  and  the 
other  is  movable  ronnd  the  limb,  and  points  out  the  degrees  and 
minutes  by  a  fine  graduated  vernier.  Theodolites  for  fine  purposes 
have  generally  two  vemiera,  each  reading  to  20  or  even  10  seconds. 
Those  for  the  Ordnance  and  Admiralty  surveyors  have  three  or 
four  verniers,  each  reading  to  15  or  10  seconds, — a  degree  of 
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accuracj  indispensable,  in  great  distances,  in  the  present  state  of 
science.  The  French  geographical  engineers  use  the  repeating 
theodolite,  of  which  the  preceding  figure  is  a  representation,  very 
successfully.  A  B  iB  the  upper  telescope ;  A'  B'  the  lower ;  V  V' V" 
the  levelling  screws ;  P  ^e  clamping  screw,  attached  near  the 
tangent  or  slow  motion  screws  of  the  horizontal  circle  G  V ;  near 
£,  the  same  for  the  vertical  circle  MM';  I G,  the  same  for  re- 
peating the  angle  as  often  as  necessary.  The  best  size  for  common 
use  is  about  four  inches  and  a  half  and  five  inches  in  diameter,  with 
a  telescope  and  two  spirit  levels  fixed  to  it  at  right  angles,  having 
a  vertical  arc  divided  on  one  side  into  degrees,  and  the  other  side 
divided  so  as  to  point  the  nimiber  of  links  to  be  deducted  for  each 
chain's  length  in  ascending  or  descending  a  hill.  To  reduce  the 
length  of  the  chain  to  the  horizontal  distance,  great  care  is  required, 
before  a  theodolite  is  used,  that  it  is  properly  adjusted,  and  to 
observe  if  the  cross  hairs  in  the  telescope  be  exactly  in  the  centre  of 
the  tube,  and  that  the  level  be  exact. 

To  use  a  theodolite,  place  it  as  firm  as  you  can  on  the  ground 
where  you  intend  to  begin,  and  also  as  level  as  possible ;  by  moving 
the  legs  out  and  in  till  within  the  limits  of  the  level  screws,  you 
may  then  level  it  exactly  by  the  help  of  the  four  screws  between 
the  brass  plates,  one  of  which  is  fixed  to  the  head  of  the  legs ; 
you  then  loosen  the  screw  a  little  that  holds  the  theodolite  fast  to 
the  brass  plates  at  the  head  of  the  legs.  With  both  hands  turn 
the  theodolite  round  upon  its  axis,  till  the  north  end  of  the  needle 
settles  over  the  fleur  de  lis  or  letter  N  in  the  compass-box,  and 
observe  that  the  vernier  is  exactly  over  180  on  the  limb,  if  it  is 
divided  twice  into  that  number ;  if  the  theodolite  is  placed  over 
360,  bring  the  letter  N  in  the  compass-box,  or  the  eye-glass  and 
vernier,  to  360,  and  the  south  end  of  the  needle  will  point  out  the 
same  degree  as  the  vernier  does  on  the  limb,  if  the  degrees  in  the 
compass-box  be  divided  the  contrary  way  that  they  are  divided 
on  the  limb.  The  screw  that  holds  the  instrument  fast  to  the 
brass  plates  on  the  head  of  the  legs  is  sometimes  placed  below  the 
brass  plates ;  on  other  instruments  it  is  fixed  in  the  socket.*  This 
screw  must  be  made  very  fast  when  the  theodolite  is  placed,  so  as 
the  needle  in  the  box  and  the  limb  is  set  to  correspond ;  and  before 
an  observation  can  be  taken,  the  screw  must  be  loosened  or  un- 
locked a  little,  which  holds  the  telescope  and  arc  or  circle  fast  to 

*  The  method  of  a4JU8ting  and  using  the  theodolite  is  fully  given  in  the  article 
Description  and  Use  of  the  usual  InstrumentSy  in  a  following  portion  of  this 
work. 
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the  limb,  so  that  the  telescope  may  be  easily  turned  round  with 
the  thumb  and  forefinger,  till  you  observe  the  pole  placed  in  tHe 
second  station  to  coincide  exactly  with  the  cross  hairs  in  the 
telescope ;  then  apply  your  thumb  and  finger  to  the  screw  which 
clamps  the  telescope  and  arc  fast  to  the  limb ;  insert  the  bearing 
to  the  pole  in  the  second  station,  and  measure  the  distance.  K  the 
theodolite  has  no  pinion,  or  clamping  and  tangent  screw,  recourse 
must  be  had  to  turn  the  telescope  or  plain  sights  gently  round  with 
the  hand,  and  then  fix  it  fast  with  the  screw,  and  mark  the  bear- 
ing— ^that  is  to  say,  the  number  of  degrees  and  minutes  pointed 
out  by  the  vernier  on  the  limb ;  then  plant  the  theodolite  at  the 
second  station,  as  before  directed.  The  centre  of  it,  by  a  plum- 
met, should  be  exactly  placed  over  the  hole  where  the  pole  stood. 
Unlock  the  screw  a  little  that  holds  the  instrument  fast  to  the  legs, 
and  turn  the  theodolite  round  till  you  see  through  the  telescope  the 
pole  left  at  the  first  station ;  here  screw  it  fast  again,  and  unlock  the 
other  screw  a  little  which  holds  the  telescope  and  quadrant  fast  to  the 
limb,  and  turn  the  pinion  round  to  the  third  station,  and  mark 
down  the  degrees  and  minutes  of  that  bearing.  K*  the  magnetic 
needle  cuts  llie  same  degree  in  the  compass-box  that  it  does  on  the 
limb,  it  is  a  proof  that  no  error  is  made,  and  that  the  needle  has 
not  been  attracted,  which  it  sometimes  does  1  or  2  degrees ;  but 
this  you  can  allow  for  in  circumstances  where  the  needle  is 
influenced  by  attraction.*  Notwithstanding,  in  such  cases,  little 
dependence  can  be  placed  on  the  needle,  yet  it  is  of  great  use,  as 
it  affords  an  excellent  check.  1£  it  should  be  found  wrong  at  one 
station,  it  will  come  right  again  at  another;  and  if  it  has  nothing 
to  attract  it,  the  degrees  in  the  compass-box  will  coincide  with  the 
degrees  on  the  limb  of  the  theodolite,  if  no  error  has  been  made, 
and  no  undue  attraction  at  the  primary  station.  What  is  said,  I 
trust,  will  be  sufficient  for  a  pupil  to  understand  the  manner  in 
which  he  is  to  use  his  theodolite  at  each  station. 

There  is  another  method,  much  practised  by  a  number  of  land- 
surveyors,  by  setting  the  needle  and  limb  of  tfie  theodolite  to  cor- 
respond with  the  north  point,  and  the  eye-glass  being  brought  to 
360  on  the  limb,  and  the  north  end  of  the  magnetic  needle  to  be 
made  to  settle  over  the  south  point  in  the  compass.  Turn  the 
upper  plate  round  till  you  see  a  pole  placed  in  station  second,  and 

•  In  localities  of  peculiar  sub-strata,  such  as  iron  ore,  kc,  the  deviation  of  the 
needle  may  be  very  great,  in  which  cases  no  dependence  can  be  placed  upon  it. 
Cnre  should  be  taken,  in  commencing  surveys,  to  avoid  m)n  gates,  smithies,  &c.,  if 
the  plan  is  to  have  the  compass  put  upon  it. 
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insert  the  bearing  in  the  field-book,  and  set  down  the  degrees  and 
minutes  cnt  by  the  index  on  the  limb ;  measure  the  distance  from 
station  first  to  station  second ;  then  plant  the  instrument  as  before 
at  station  second,  by  placing  the  north  in  the  compass-box  to  cor- 
respond to  360  degrees  on  the  limb,  and  turn  the  instrmnent  round 
till  the  south  end  of  the  needle  plays  over  the  north  point  in  the 
compass-box.  Here  screw  the  theodolite  fast,  and  loosen  the  screw 
a  little  that  holds  the  instrument  fast  to  the  limb,  and  turn  the 
pinion  till  you  see  the  cross  hairs  and  the  pole  placed  in  station 
third ;  set  down  the  bearing  cut  by  the  index  on  the  limb,  and 
measure  to  the  third  station.  K  you  have  taken  all  the  bearings 
right,  the  south  end  of  the  needle  will  correspond  with  the  limb 
and  vernier.  60  on  in  this  manner  till  you  have  finished  the 
survey.  By  this  method  of  measuring,  every  angle  depends  on 
the  needle  alone,  and  is  liable  to  error,  although  the  bearings  are 
set  down  from  the  limb  and  index ;  as  the  needle,  heing^  set  at 
every  station  over  the  south  point  in  the  compass-box,  if  there  is 
any  thing  to  attract  it,  the  bearing  will  be  false.  The  above  is 
supposed  to  be  taken  with  a  theodolite  divided  into  360  degrees, 
and  the  degrees  in  the  compass-box  divided  into  the  same  number, 
but  the  reverse  way.  Few  accurate  surveyors  practise  this 
method. 

Many  land-measurers,  who  trust  to  the  magnetic  needle,  have 
their  theodolites  divided  into  twice  180  degrees,  which  in  this  case 
is  preferable  to  dividing  it  into  360  degrees  all  round ;  for  this 
particular  reason,  if  you  set  up  the  theodolite,  and  turn  it  round 
upon  its  axis  till  the  north  end  of  the  needle  settles  over  180  degrees, 
the  south  end  of  the  needle  will  be  over  the  opposite  180  degrees ; 
so  that,  whenever  a  bearing  is  taken,  both  the  fore  sight  and  back 
sight  wiU  cut  the  same  degree  and  minute  on  the  Kmb.  To  use 
the  theodolite  in  this  manner,  plant  it  only  every  other  station ;  leave 
a  pole  at  station  first,  and  measure  the  distance  to  station  second, 
which  distance  mark  on  an  eye-draught  or  field-book ;  then  plant 
the  instrmnent  at  station  second,  and  turn  the  instrument  round  till 
the  north  end  of  the  needle  settles  over  180  degrees  in  the  compass- 
box,  and  observe  that  the  index  is  exactly  at  180  on  the  limb : 
here  screw  the  instrument  fast  to  the  legs,  and  unlock  the  screw  a 
little,  and  take  a  back  sight  to  station  first,  by  turning  the  telescope 
round  with  the  pinion  till  you  see  through  it  the  cross  hidrs  and 
the  pole  lefl  in  station  first  to  coincide :  observe  what  degree  and 
minute  is  cut  by  the  index  on  the  limb,  which  mark  either  on  an 
ey^-draught  or  a  field-book,  whichever  you  choose ;  then  turn  the 
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telescope  round  by  the  pinion  till  you  see  the  pole  in  station  third 
and  the  cross  hiurs  in  the  telescope  to  coincide  exactly,  and  observe 
the  degrees  and  minates  cnt  by  the  index  on  the  limb,  which  insert 
on  your  eye-sketch ;  measure  the  distance  from  station  second  to 
station  third,  and  also  to  station  fourth,  where  the  instrument  is 
again  planted ;  set  the  index  to  180  degrees,  and  also  the  needle  to 
180 ;  here  screw  it  fast,  and  take  a  back  sight  to  station  third,  by 
turning  the  pinion  till  you  see  the  pole  and  the  cross  hairs  in  the 
telescope  to  coincide :  observe  the  degrees  and  minutes  cut  upon 
the  limb  by  the  index  ;  then  turn  the  pinion  round  till  you  see  the 
pole  placed  in  station  fifth ;  and  when  the  cross  hairs  and  it  coincide, 
mark  the  degrees  and  minutes  in  your  eye-sketch :  go  on  in  this 
maimer  from  Nation  to  station,  till  you  have  finished  your  survey, 
by  placing  the  instrument  up  at  every  other  station.  This  is  a  very 
quick  method  of  working  with  the  theodolite ;  but  at  every  other 
station  the  needle  is  liable  to  be  attracted,  particularly  if  the  country 
is  mountainous  and  rocky.  In  many  parts  of  England  you  may 
work  with  great  safety,  without  the  least  apprehension  of  danger 
of  tbe  needle  being  attracted,  unless  you  are  near  a  gate  with  iron 
hinges,  or  a  blacksmith's  smithy,  where  I  have  observed  the  needle 
very  much  influenced  by  attraction. 

This  figure  is  a  field-sketch  or  draught  of  the  farm  of  Tipperty, 
surveyed  with  a  theodolite,  and  divided  into  180  degrees  from  north 
to  south,  and  into  180  degrees  from  south  to  north,  by  setting  the 
magnetic  needle  at  every  station  over  the  fleur  delia^  and  taking 
the  bearings  or  angles  from  the  meridian.* 

Ist.  A  bearing  was  taken  from  A  to  a  pole  placed  at  B  in  the 
road  of  120  deg.  36  min.  In  measuring  that  line,  an  ofiset  was 
taken  of  15  links  to  tiie  right,  and  another  of  20  to  the  left ;  at  1540 
an  offset  of  15  on  the  right  to  the  comer  of  a  yard,  and  another  of 
15  on  the  left ;  the  whole  distance  from  A  to  B  is  2180,  fit>m  which 
an  ofiset  of  20  on  the  left  and  10  on  the  right,  to  the  comer  of  the 
yard ;  another  bearing  was  taken  from  B  to  C  of  115  degrees  30 
minutes ;  the  distance  to  C  is  905 ;  a  bearing  was  taken  from  C  to 
a  pole  placed  at  D  of  51  degrees:  crossed  the  hedge  at  20 ;  at  400 
an  ofiset  on  the  left  of  300,  at  700  an  of&et  of  400,  and  at  1000 

*  The  method  of  dividing  the  drcumferenoe  of  the  horizontal  circle  of  the 
theodolite  into  tmee  180  degrees,  instead  of  860  degrees,  was  formerly  much  in  use ; 
but  the  latter  method  is  the  most  convenient,  as  it  avoids  errors,  and  introduces 
advantages  in  taking  rounds  of  angles.  Bamsden's  great  theodolite  has  been 
objected  to  by  the  Royal  Engineers,  on  account  of  its  being  divided  into  twice 
180  degrees. — See  Accoimt  of  the  measurement  of  the  base  of  Loch  Foyle. 


92 


SURVEYINa  WITH  THE  THEODOLITE. 


another  of  500,  both  on  the  left ;  and  at  1400,  which  is  the  whole 
distance  from  C  to  D,  an  offset  of  10  to  the  fence  or  boundary :  a 
bearing  was  taken  from  D  to  E  of  95  degrees.    In  measuring  that 
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line,  an  offset  was  taken  of  24  at  500,  and  the  whole  distance  to  E 
is  750,  where  an  offset  of  20  was  taken  to  the  boundary  of  Mr  Wil- 
liamson's property ;  a  bearing  was  taken  of  102  deg.  40  min.  from 
E  to  a  pole  placed  in  F.  In  measuring  that  line,  crossed  a  hedge  into 
the  cow-field  at  5  links ;  at  600  an  offset  was  taken  of  120  on  the  left 
to  an  angle  in  the  fence ;  and  the  whole  distance  from  E  to  F  is 
1380,  where  an  offset  of  15  is  taken  to  Mr  Williamson's  boundary. 
A  bearing  was  taken  from  F  to  a  pole  placed  in  A,  where  the  sur- 
vey was  begun  of  13  degrees  24  minutes.    In  measuxing  that  line, 
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an  offset  of  180  was  taken  at  1000  on  the  left  to  an  angle  in  the 
hedge ;  and  the  whole  distance  is  2050  to  A.  Began  again  at  B, 
where  a  bearing  was  taken  to  a  pole  placed  in  G  of  15  degrees  40 
minutes.  In  measuring  that  line,  was  close  by  the  end  of  the  house 
of  Tippertj  ;  and  the  whole  distance  from  B  to  G  is  380.  A  bear- 
ing was  taken  from  G  to  a  pole  placed  in  H  of  129  degrees.  In 
measuring  that  line,  was  dose  by  the  end  of  Tipperty  house  at  26, 
which  ascertains  the  breadth  of  the  house  at  130 ;  close  by  the 
comer  of  the  bam  at  166,  close  by  the  other  comer,  and  the  length 
of  the  house  is  100 ;  and  the  whole  distance  from  G  to  H  429.  A 
bearing  was  taken  from  H  to  a  pole  placed  in  E  of  28  degrees,  and 
the  distance  measured  to  E  of  1240,  which  finishes  the  house  inclo- 
sure;  another  bearing  of  129  degrees  was  taken  from  H  to  I,  and 
the  distance  to  I  is  200 ;  a  bearing  was  taken  from  I  of  13  degrees 
to  the  comer  of  the  yard,  where  an  offset  was  taken  to  the  comer 
on  the  line  A  B  at  1540 ;  the  distance  from  I  to  that  comer  260 
links,  which  finishes  the  cow-park. 

Began  again  at  A,  where  a  bearing  was  taken  of  35  degrees  36 
minutes  to  a  pole  placed  in  K.  In  measuring  that  line,  crossed  the 
fence  at  20,  and  at  400  an  offset  was  taken  of  100  on  the  left  to  the 
boundary  of  Mr  Williamson's  property;  and  the  whole  distance 
from  A  to  K  640,  where  there  is  an  offset  of  10.  A  bearing  was 
taken  at  K  to  a  pole  placed  in  L  of  95  degrees.  In  measuring  that 
line,  an  offset  of  220  at  1400  ;  and  the  whole  distance  from  K  to  L 
2280.  A  bearing  of  28  degrees  30  minutes  from  L  to  a  pole  placed 
in  B  at  1590  ;  crossed  the  fence  to  the  road ;  and  the  whole  dis- 
tance from  L  to  B  1610 ;  which  finishes  the  horse-park.  Again, 
an  offset  of  20  at  L  to  the  fence  on  the  left,  and  a  bearing  from  L 
to  M  of  159  degrees.  In  measuring  that  line,  an  offset  of  350  at 
600,  and  another  of  10  at  1450 ;  which  is  the  length  of  the  line 
L  M.  Lastly,  a  bearing  of  44  degrees  30  minutes  was  taken  from 
M  to  C,  and  the  distance  to  C  is  655  ;  which  finishes  the  survey. 

This  figure  is  the  protracted  plan  of  the  farm  of  Tipperty,  which 
is  laid  down  upon  a  scale  of  7  chains  in  an  inch.  The  plotting  of 
which  is  done  in  the  following  manner :  Being  provided  with  a  large 
sheet  of  plotting  paper,  at  least  twenty  inches  by  two  feet,  first 
draw  a  meridian  line,  to  represent  the  magnetic  north  and  south  on 
any  part  of  that  line  ;  near  the  centre  make  a  mark  O  y  which  is 
called  the  centre.  The  protractor  used  for  this  plan  was  a  semi- 
circular one  about  six  inches  in  diameter,  and  was  divided  into  180 
degrees,  which  answered  to  the  divisions  of  the  theodolite,  and 
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which  is  bj  far  the  best  way  of  dividing  a  theodolite,  as  every  time 
it  is  turned  round  with  the  pinion,  either  end  of  the  magnetic  needle 
will  cut  the  same  degree  in  the  compass-box  that  Ihie  limb  and 
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vernier  points  out  on  the  instrument,  if  no  error  has  been  made 
in  taking  a  bearing. 

Lay  the  protractor  upon  the  meridian,  and  the  centre  of  it  upon 
the  mark  O  made  on  the  paper ;  dien  prick  off  120  dog.  36  min., 
and  mark  B,  115  deg.  30  min.,  C,  51  deg.,  D,  95  deg.,  E,  102  deg. 
40  min.,  F,  13  deg.  24  min.,  15  deg.  40  min.,  G,  129  deg.,  H,  28 
deg.  0  min.,  E,  129  deg.,  1, 13  deg.,  35  deg.  37  min.,  E,  95  deg., 
L,  28  deg.  30  min.,  B,  159  deg.,  M,  44  deg.  30  min.,  C.  The 
above  bearings  being  all  pricked  off  from  the  protractor  with  a 
protracting  pin  or  a  fine  needle,  with  a  black-lead  pencil  either 
write  in  the  figure  which  denotes  each  bearing,  or  the  letter  of 
reference  where  the  prick  is  made, — it  does  not  matter  which  you 
insert  on  the  plotting-paper,  but  let  them  be  as  near  the  point  as 
possible.  When  all  is  done,  take  up  the  protractor,  and  with  a 
parallel  ruler,  or  the  T  square  and  its  companion,  (see  fig.  page  82,) 
lay  the  edge  of  the  T  square  on  the  centre  O ,  and  the  prick  made  at 


SUBYETINa  WITH  THE  THEODOLITE. 


95 


FIELI>-BOOK  OP  TIPPBBTT  FARM. 
Begins  at  BoUom. 


FunSBBV 

Retains  to 


Retonuto  A 


RetarnstoH 


Reinms  to  B  in  the  road 


Lnvai  the  road 


Bjcoax  ui  ▲  Road  . 


Ofteta. 

Bwringi 

•nd 
DMaiMM. 

OflMto. 

10 

666 
&30 

i 

10 
860 

1460 
600 

1&.00 

I.  f 

1610 

S.ao 

L  i 

20 
220 

2280 
1400 

&.00 

K    i 

10 
100 

) 

400 
• *• •  16 

&a6 

•     «     •    • 

290 
1%.00 

I 

200 
•  •  •  •    6 

1».00 

10 

•  •  ■  •          1 

\ 

7 

1240 
£.00 

H 

429 
146 
ISO 

ao 

1&.00 

o  "f 

380 

280 

....  10 

lk40 

«  •  •  1 

180 

2050 

1000 

o 

ia24 

p  i 

10 
120 

1380 

600 

.  •  <  >    6 

1&40 

10 

•  •  «  • 

B    1 

20 
24 

760 
600 

&.00 

D    <f 

10 
600 
400 
900 

1400 

1000 

700 

400 

....  20 

•    •    •    « 

c  -f 

r 

006 
1&.30 

20 
B 

20 
16 

20 

2180 
1640 

1&.36 

10 
16 

16 

Clowi  at  C. 
M. 

M. 


Meats  at  B. 

L. 

K. 

Ckmnb  badge. 


1^ 

Si 

S* 

sa. 

^1 

|f 

1? 

^1 

nn 

H 

ebea 
last 

1 

II 

1 

■?? 

Meets  at  oonier  of  jard  at  road. 


At  corner  of  yard. 

Croeaei  hedge  faito  Cov-fleld. 


Meets  at  E. 


H. 

Breadth  of  house ;  100,  length  of  do. 

CoroCT  of  a  house. 

Breadth  of  house. 


G.  tar  end  of  house. 
End  of  house. 
Enters  house  park. 


Johis  at  A. 

F.  Cow-field. 
Crosses  hedge. 

E. 

D. 

House  park. 

Crossee  hedge. 

C. 


B.  Road. 
Corner  of  yard. 

A 


96  SURVEYING  WITH  THE  THEODOLITE. 

120  deg.  36  mm. ;  then  lay  the  companion  close  to  the  head  of  the  T 
square,  and  slide  the  T  sqnare  parallel  to  that  part  of  the  plotting  paper 
where  you  begin  at  A,  and  draw  that  bearing  with  a  sharp-pointed 
black  lead  pencil  or  the  point  of  the  compasses,  and  upon  that  line  lay 
off  the  distance  from  A  to  B  2180  links,  from  the  scale  you  think 
most  convenient  to  adopt,  either  with  a  feather-edged  scale,  page 
33,  or  with  the  compasses  from  a  scale  of  equal  parts,  page  14, 
and  mark  each  station  O  round  the  prick  or  point  made  with 
the  protracting  pin  or  the  point  of  the  compasses ;  then  lay  the 
T  square  as  before  on  the  centre,  and  its  edge  over  the  prick 
made  at  115  deg.  30  min.,  and  lay  its  companion  close  to  the 
head  of  the  T  square,  and  slide  it  parallel  to  the  mark  made  at  B, 
and  with  a  black  lead  pencil  draw  the  bearing  B  C,  and  lay  off  the 
distance  from  the  scale  905,  and  mark  it  exactly  on  the  black-lead 
line  or  bearing  from  B  to  C ;  then  lay  the  edge  of  the  square 
upon  51  deg.  30  min.  and  the  centre,  and  slide  the  T  square 
parallel  to  the  point  made  at  C,  and  draw  in  that  bearing,  and 
prick  off  the  distance  1400  to  D ;  then  lay  the  edge  of  the  T  square 
upon  the  prick  made  at  95  deg.  and  the  centre,  and  lay  the  com- 
panion close  to  the  head  of  the  T  square,  holding  the  companion 
fast  to  the  paper  while  you  arc  sliding  the  T  square  parallel  to 
tlie  prick  made  at  D ;  then  draw  the  bearing  from  D  to  E ; 
then  lay  off  the  distance  to  E  750 ;  again,  lay  the  edge  of  the 
square  upon  the  prick  made  at  102  deg.  40  min.  and  the  centre, 
and  slide  it  parallel  to  the  mark  made  at  E ;  draw  in  that  bearing, 
and  lay  down  the  distance  to  F  1380  ;  then  lay  the  square  upon 
the  mark  made  at  13  deg.  24  min.  and  the  centre,  and  draw  in  that 
bearing,  and  lay  off  the  distance  2050  to  A.  K  it  closes  at  A, 
where  the  survey  was  begun,  it  is  right.  Next,  lay  the  T  square 
upon  the  centre  and  the  mark  made  at  15  deg.  40  min.,  and  slide 
it  parallel  to  B,  and  draw  in  that  bearing,  and  lay  off  the  distance 
380  to  G ;  then  lay  the  edge  of  the  square  upon  the  prick  made  at 
129  deg.  and  move  it  parallel  to  G ;  draw  in  that  bearing,  and  lay 
off  the  distance  to  H  429 ;  then  lay  the  edge  of  the  square  upon 
the  mark  made  at  28  deg.  and  the  centre,  and  slide  it  parallel  to  H ; 
then  draw  in  that  bearing,  and  lay  off  the  distance  1240  to  E. 
If  the  bearing  and  distance  answers,  you  may  rest  satisfied  that 
you  have  not  only  taken  the  angles  (or  bearings)  right,  but 
measured  the  distances  correctly.  Then  lay  the  edge  of  the  T 
square  on  the  mark  made  at  129  deg.  and  the  centre,  and  slide 
the  square  parallel  to  H ;  draw  in  that  bearing,  and  lay  off  the 
distance  200  to  I ;  then  look  for  the  next  mark  made  at  13  deg. 
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lay  the  T  square  upon*  that  mark  and  the  centre,  move  it  pa- 
rallel to  I,  and  draw  the  bearing  to  the  comer  of  the  yard,  where 
an  offset  was  taken  on  the  line  A  B  of  15  at  1540.  If  it  and  the 
distance  260  answer,  that  part  of  the  farm  is  finished  that  lies  on 
the  north  side  of  the  road.  Again,  lay  the  edge  of  the  T  square 
upon  the  prick  made  at  35  deg.  36  min.  and  the  centre,  and  slide 
it  to  A ;  Uien  draw  in  that  bearing,  and  lay  off  640  to  K ;  then 
lay  the  edge  of  the  square  upon  the  mark  at  95  deg.  and  the  centre, 
and  slide  it  parallel  to  K,  and  draw  in  that  bearing  with  a  sharp- 
pointed  pencil ;  then  lay  off  the  distance  2280  to  L ;  then  with  the 
T  square  upon  the  mark  made  at  28  deg.  30  min.  and  the  centre, 
slide  it  parallel  to  L,  and  draw  that  bearing,  and  lay  off  the  distance 
1610  to  B.  If  it  closes  right,  both  the  bearing  and  distance  will 
meet  in  a  point.  Next,  lay  the  T  square  at  the  mark  at  159  deg. 
and  the  centre,  and  slide  it  parallel  to  L,  and  draw  in  that  bearing, 
and  lay  off  the  distance  1450  to  M.  Lastly,  lay  the  edge  of  the  T 
square  upon  the  mark  at  44  deg.  30  min.  and  the  centre,  and  slide 
it  parallel  with  the  help  of  its  companion,  which  must  always  be 
held  fast  with  one  hand  while  the  T  square  is  moving  parallel  to 
M ;  draw  in  the  bearing  from  M  to  C,  and  lay  off  the  distance, 
which  is  655.  If  both  the  bearings  and  distance  answer,  it  is  a 
proof  that  no  mistake  has  been  made. 

Then  lay  off  all  the  offsets  wherever  they  were  taken,  which  are 
inserted  both  in  a  field-book  of  this  survey,  page  95,  and  in  the 
eye-sketch,  page  92.  The  manner  of  laying  down  the  offsets  is 
particularly  described  in  the  figure,  page  22. 

The  above  method  of  surveying  with  the  theodolite  is  more  or 
less  liable  to  error,  as  the  whole  depends  on  the  needle,  which  is 
very  apt  to  be  attracted.  In  some  parts  of  the  country,  as  some 
hidden  magnetic  power  is  frequently  met  with,  and  particularly  in 
a  rocky  country,  I  have  known  it  in  a  very  short  distance  vary 
from  8  to  10  degrees.  Such  methods  should  be  practised  only  in 
cases  of  necessity.  In  taking  military  plans  for  the  march  of 
armies,  this  method  cannot  be  trusted,  as  was  the  case  in  Spain  by 
the  ofiicers  of  the  army  under  the  Duke  of  Wellington,  who  lost  a 
whole  day's  surveying  by  the  action  of  a  substratum  of  iron  ore,  and 
might  have  been  productive  of  serious  consequences. 

Plate  II.  shows  another  method  of  surveying  with  the  theodolite, 

which  many  land-measurers  practise  in  preference  to  any  other,  as 

no  dependence  is  left  to  the  needle  farther  than  to  form  an  idea 

where  to  draw  a  meridian  line  to  fix  a  compass  in  some  blank 

comer  of  the  plan.     The  method  I  am  to  mention  removes  the 

G 
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objections  which  are  apt  to  arise  from  the  needle's  variabilitj.  In 
this  method,  every  angle  is  supposed  to  be  read  off  on  the  limb  of 
the  instrument ;  and  in  this  manner  the  farm  of  Bonnyton  is  sur- 
veyed. First,  plant  the  theodolite  at  A  near  Bonny  Bridge,  and 
set  the  index  to  360  or  180  (according  as  your  instrument  is 
divided)  on  the  limb,  and  look  through  the  telescope  to  a  pole 
placed  in  B ;  then  turn  the  telescope  round  till  you  see  the  other 
pole  placed  in  C ;  mark  the  degrees  and  minutes  cut  by  the  index 
on  the  limb  on  an  eye-sketch,  which  is  75  deg.  In  measuring  the 
line  to  B,  insert  all  the  offsets  to  the  road,  noting  its  breadth,  also 
the  distance  where  each  offset  was  taken  at,  and  the  whole  distance 
from  A  to  B,  which  is  900  links.  In  measuring  the  distance  from 
A  to  C,  which  is  560,  enter  in  your  field-book  all  the  intermediate 
offsets  to  the  river,  and  where  they  were  taken  at ;  then  plant  the 
theodolite  immediately  above  the  hole  where  the  pole  stood  at 
station  C,  and  set  the  index  to  360  on  the  limb ;  loosen  the  screw 
a  little  that  holds  the  instrument  fast  to  the  brass  plates  fixed  upon 
the  legs,  and  take  a  back  sight  to  A  and  a  fore  sight  to  D  and  E, 
and  set  down  the  angle  cut  by  the  index  on  the  limb,  which  is  132 
deg.  30  min. ;  measure  the  line  first  to  D  395,  and  then  to  E  300 ; 
then  plant  the  instrument  at  E,  and  set  the  index  to  360  on  the 
limb,  and  look  through  the  sight  till  you  see  the  pole  in  C  and  the 
cross  hairs  in  the  telescope  to  coincide ;  then  screw  the  instru- 
ment fast,  and  turn  the  telescope  round  till  the  cross  hairs 
and  the  pole  in  B  coincide ;  then  look  what  degrees  and  minutes 
are  cut  by  the  index  on  the  limb,  which  is  72  deg.  In  measuring 
to  B,  an  offset  was  taken  of  105  at  450,  and  the  whole  distance  to 
B  870.  Again,  plant  the  theodolite  at  B,  unlock  the  screw  a  little 
that  holds  the  theodolite  to  the  legs,  and  put  the  index  to  360  on 
the  limb,  and  look  back  to  E ;  screw  the  instrument  fast,  and  take 
an  angle  to  A,  which  is  80  deg.  30  min.  which  insert  on  your  eye- 
sketch.  You  may  prove  upon  the  spot  if  you  have  taken  all  the 
angles  right,  by  adding  them  together ;  and  if  the  sum  amounts  to 
360,  you  are  certain  no  error  has  been  made  in  taking  the  angles ; 
you  then  return  to  D,  and  set  the  index  to  360  on  the  limb,  and 
plant  the  instrument,  and  turn  it  round  till  you  see  the  cross  hairs 
in  the  telescope  and  the  pole  left  in  E  to  coincide.  Here  screw  it 
fast,  and  turn  the  telescope  round  till  you  see  the  pole  placed  in  F; 
set  down  that  angle,  which  is  88  deg.  30  min.  which  enter  in  your 
eye-sketch,  including  all  the  offsets,  and  where  they  were  taken  at 
to  the  river,  and  the  distance  to  F,  which  is  630 ;  set  the  instru- 
ment up  at  F,  and  place  the  index  at  360,  and  turn  the  instrument 
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round  till  you  see  the  pole  in  D,  and  screw  it  fast,  and  turn  the 
telescope  round  till  you  see  the  pole  placed  in  G,  and  mark  the 
angle,  which  is  71  deg.  and  the  distance  to  G  778 ;  then  plant  the 
instrument  in  G,  and  set  the  index  to  360  on  the  limb,  and  turn 
the  theodolite  round  till  you  see  through  the  telescope  the  pole  in 
F,  and  screw  it  fast,  and  take  an  angle,  by  turning  the  telescope 
round  till  you  see  the  pole  placed  in  E ;  mark  the  angle  on  your 
eye-fiketch,  which  is  59  deg.  and  also  the  distance  from  G  to  E, 
which  is  572,  and  also  the  offsets,  and  where  they  were  taken  at 
in  measuring  that  line.  Again,  plant  the  theodolite  at  E,  and  put 
the  index  to  360,  and  take  a  back  sight  to  G ;  then  turn  the  tele- 
scope round  till  you  see  through  it  the  pole  placed  in  D ;  mark 
that  angle,  which  is  141  deg.  30  min.  You  may  again  prove  the 
angles  by  adding  ihem  up ;  if  the  sum  amounts  to  360,  you  are 
certain  of  having  made  no  error. 

Again,  plant  the  instrument  at  G,  and  put  the  index  to  360, 
and  turn  the  theodolite  round  till  you  see  the  pole  in  E,  and  screw 
it  fast;  then  turn  the  telescope  round  with  the  pinion  till  you 
observe  the  pole  placed  at  H,  insert  the  angle  on  your  sketch,  which 
is  130  deg.  20  min.  and  the  distance  from  G  to  H,  which  is  550 ; 
also  the  offsets  to  the  river ;  then  go  to  H,  set  the  index  to  360, 
and  turn  it  round  till  you  see  the  back  pole  at  G ;  there  screw  it 
fast,  and  turn  the  telescope  round  with  the  pinion  till  you  see  the 
pole  at  I :  note  the  angle,  which  is  86  deg.  20  min.  also  the  dis- 
tance from  H  to  I,  760,  likewise  the  offsets  taken  to  the  river. 
Next  plant  the  theodolite  at  I,  put  the  index  to  360,  then  turn  the 
theodolite  roond  till  you  see  the  back  pole  at  H ;  then  tiun  the 
telescope  till  you  see  the  pole  placed  in  E ;  mark  the  angle  on 
your  sketch,  which  is  73  deg.  20  min.  also  the  distance  from  I  to 
E,  928 ;  then  with  the  instrument  at  E,  turn  it  round  till  you  see 
the  pole  placed  in  I ;  then  turn  the  telescope  till  you  perceive  the 
pole  placed  in  G ;  mark  that  angle  70  deg. ;  return  to  I,  and  plant 
the  instrument  as  it  waa  before,  and  turn  the  telescope  round  with 
the  pinion  till  you  see  the  pole  in  K ;  insert  the  angle  in  your 
sketch,  which  is  106  deg.  40  min.  and  also  the  distance  to  the  pole 
at  E,  420,  and  an  offset  to  the  river  at  O,  which  is  128 ;  then 
plant  the  instrument  at  E ;  placing  the  index  to  360,  take  a  back 
sight  to  I,  and  turn  the  telescope  round  till  you  see  a  pole  placed 
in  L ;  mark  the  angle,  which  is  73  deg.,  and  the  distance  from 
E  to  L,  420 ;  next  plant  the  instrument  in  L,  and  put  the  index 
to  860,  and  take  a  back  sight  to  E ;  then  turn  the  telescope  round 
till  you  see  the  pole  placed  in  M ;  mark  that  outward  angle,  which 
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is  90  deg.  22  min.,  and  the  distance  to  M,  which  ifl  400,  also  all 
the  offsets  and  small  distances  ahout  the  houses  of  Bonnjton ;  then 
set  the  instrument  at  M,  adjust  it  as  before  till  you  see  the  pole 
placed  in  the  old  mark  at  B,  and  mark  the  angle  95  deg.  6  min. 
in  your  sketch,  also  the  distance  to  B,  which  is  430 :  then  plant 
the  instrument  at  B,  look  back  to  M,  and  turn  the  telescope  round 
till  you  see  the  pole  placed  in  the  old  mark  in  E  ;  insert  that  angle 
in  your  eye-sketch,  which  is  99  deg.  30  min. ;  then  return  to  M, 
and  take  a  back  sight  to  L,  and  turn  the  telescope  round  till  you 
see  a  pole  placed  in  N  ;  mark  that  angle  in  your  sketch,  which  is 
85  deg.  32  min.  and  also  the  distance  &om  M  to  N,  which  is  ^550, 
likewise  all  the  offsets  and  measurements  mark  on  the  sketch  near 
the  houses  of  Bonnyton.  Again,  plant  the  instrument  at  N ;  it 
being  directed,  look  back  to  M,  and  turn  the  telescope  till  you  see 
the  pole  placed  in  the  mark  that  was  left  at  O ;  insert  the  angle, 
which  is  92  deg.  30  min.  also  the  distance  from  N  to  O,  which  is 
365,  which  closes  the  survey. 

Lastly,  plant  the  instrument  at  O,  and  put  the  index  to  360  as 
before ;  take  a  back  sight  to  N,  and  turn  the  telescope  round  with 
the  pinion  till  you  see  a  pole  placed  in  L,  which  is  in  a  line  with 
the  mark  left  at  K ;  mark  the  angle  in  the  field-sketch,  which  is 
91  deg.  30  min.,  all  the  angles,  distances,  and  oiS^ts,  and  where 
they  were  taken  at,  being  carefully  marked  in  the  field  on  the  spot 
in  the  field-sketches  or  a  field-book.  I  shall  only  recommend  to 
those  who  use  a  theodolite,  in  a  survey  taken  in  the  above  method, 
to  be  very  attentive,  wherever  it  is  set  up,  to  place  it  as  nearly 
level  as  possible  with  the  levelling  screws,  and  to  erect  it  over  the 
hole  where  the  poles  or  station  staffs  stood.  Although  a  practical 
surveyor  is  seldom  so  nice  as  to  the  levelling,  imagining  it  suffi- 
ciently correct  when  he  sees  the  needle  get  free  play  in  the  box, 
(and,  in  practical  surveying,  this  is  near  enough,  in  general,  for 
taking  horizontal  angles,)  yet,  in  taking  angles  of  elevation  or  de- 
pression from  the  horizon,  the  instrument  must  be  levelled  to  a 
great  nicety.  At  every  station  where  the  theodolite  is  placed, 
when  the  index  is  put  at  360,  or  if  divided  twice  into  180  deg. 
on  the  limb,  the  screw  that  holds  it  fast,  which  is  commonly  placed 
between  the  legs  below  the  brass  plates,  must  be  unscrewed  a  littie, 
to  let  the  head  of  the  instrument  run  easily  round  upon  its  axis : 
with  both  hands  turn  it  round  till  you  see  the  cross  hairs  in  the 
centre  and  the  pole  that  was  left  at  the  back  station  to  coincide 
exactly ;  then  screw  it  fast :  you  then  loosen  the  screw  marked  M 
a  little,  in  the  figure  representing  the  theodolite  in  our  description 
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of  instniments,  that  holds  the  telescope  and  arc  fast  to  the  limb, 
which  gives  liberty  to  turn  the  telescope  round  to  the  next  pole 
jou  intend  to  take  an  angle  to ;  and  when  that  pole  is  seen  to  coincide 
with  the  cross  hairs,  screw  the  telescope  and  arc  fast  with  the  screw 
M  to  the  limb,  and  then  mark  what  angle  is  cut  by  the  index  on 
the  limb.  This  must  be  particularly  observed  at  every  station. 
To  take  the  survey  of  an  estate  in  the  manner  above  described  is 
more  certain  than  trusting  to  the  needle,  but  is  more  tedious,  not 
only  in  taking  the  survey,  but  in  laying  off  the  angles.* 

I  shall  now  point  out  the  mode  of  plotting  or  laying  off  the 
observations  contained  in  the  sketch  of  the  west  inclosure  of  the 
farm  of  Bonnyton.     To  give  an  explanation  of  each  of  the  inclo* 
sures  throughout  the  whole  farm  would  be  extremely  tedious,  and 
contain  frequent  repetitions :  a  pupil  comprehending  the  protrac- 
tion of  one  inclosure,  can  perform  die  whole  with  facility ;  and  an 
inspection  of  the  sketch  will  give  him  a  very  good  idea  of  it.     The 
best  protractor  for  this  purpose  is  a  whole  circle  divided  into  360 
dog.     Draw  an  obscure  line  at  pleasure,  to  represent  the  line  A  B, 
and  lay  off  the  distance  from  A  to  B,  which  is  900  links ;  then 
apply  the  protractor  to  the  line  A  B,  lay  its  centre  upon  the  point 
A,  and  360  on  the  line  towards  B ;  prick  off  the  angle  75 ;  tlien  lay 
a  straight  edge  or  ruler  upon  the  point  A  and  the  point  at  75,  and 
draw  a  long  line  with  a  black-lead  pencil ;  then  lay  off  the  distance 
560  to  C,  and  make  a  mark  round  the  point  thus  O  ;  then  lay 
the  centre  of  the  protractor  upon  that  point  and  360  on  the  line 
C  A,  and  prick  off  the  angle  132  deg.  30  min. ;  then  apply  the 
ruler  to  the  point  C  and  the  prick,  and  draw  a  long  line,  and  lay 
off  395  to  D,  and  300  more  to  E,  and  make  a  mark  at  E ;  then 
lay  the  protractor  upon  the  line  EDO,  and  the  centre  on  the  point 
E,  and  prick  off  the  angle,  which  is  72  deg.,  which  should  meet 
in  B ;  lay  off  also  the  distance  from  E  to  B  870.     If  the  distance 
answers,  you  may  then  lay  off  the  offsets,  by  applying  the  feather- 
edged  scale  to  the  line  A  B,  and  prick  off  all  the  distances  where 
offsets  were  taken  at  330,  369,  540,  734 ;  then  122  from  330  to 
the  road ;  then  122  and  60  across  the  road  from  369,  the  offset 
150  to  the  road,  and  59  more  across  it  from  540 ;  then  98  and  70 
more  across  the  road  from  734,  and  from  B  70  across  the  road : 

*  Many  practical  simreyors,  who  use  a  theodolite  in  the  above  manner,  are  not 
at  the  trouble  of  taking  more  than  two  or  three  angles  in  nieajsuring  an  inclosure, 
but  make  use  of  the  chain  to  finish  the  other  lines,  which  saves  them  some  time  in 
the  field ;  but  it  is  not  so  satisfactory,  as  they  cannot  prove  their  angles  in  the  vmy 
mentioned  in  page  99. 
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you  then  draw  in  the  road  from  one  mark  to  another ;  then  prick 
off  40  to  the  road  from  A,  and  60  more  for  the  width ;  then  draw 
in  the  road  to  those  offsets ;  from  A  an  offset  was  taken  of  35  to 
the  fence,  and  50  more  to  the  water  at  240,  on  the  line  A  C  and 
opposite  it  an  offset  of  100  to  a  fence,  and  50  more  to  the  water ; 
draw  in  the  fence,  and  also  the  river  from  the  bridge,  and  prick 
off  20  to  the  fence,  70  more  to  the  water  at  C,  and  100  wide ; 
draw  in  the  fence,  and  also  Bonny  river;  then  lay  off  the  distance 
from  C  to  D,  which  is  395,  also  the  offset  of  60  opposite  182,  and 
mark  where  the  hedge  was  crossed  at  382 ;  then  draw  in  the  fence 
from  C  to  the  offset  at  60,  from  thence  to  where  the  hedge  was 
crossed ;  next,  draw  in  the  fence  from  D  to  where  it  was  crossed 
at  12  from  D ;  lastly,  lay  off  the  offset  of  105  opposite  450 ;  then 
draw  in  the  fence  from  E  to  105,  and  from  thence  to  an  offset  of 
20  at  B,  which  finishes  the  west  field :  the  other  indosures  are  all 
laid  down  in  the  same  way.  Observe  particularly,  when  you  lay 
off  an  angle  with  the  protractor,  that  the  centre  of  the  protractor 
is  exactly  laid  upon  the  mark  at  the  station,  and  that  360  and  180 
is  exact  upon  the  line,  which  should  be  produced  a  considerable 
w^ay  past  both  stations,  on  purpose  to  have  more  scope  for  the 
protractor. 

Plate  III.  is  a  plan  of  the  same  farm  of  Bonny  ton,  surveyed  with 
the  theodolite  in  a  very  different  and  more  expeditious  manner  than 
the  method  described  in  Plate  U.,  as  every  bearing  is  observed 
and  reckoned  by  the  index  and  limb,  and  no  regard  paid  to  the 
magnetic  needle,  farther  than  being  a  check  to  know  if  any  error 
has  been  made  in  shifting  the  instrument  from  one  station  to 
another,  which  it  is  apt  to  do  if  not  made  fast  with  the  screws. 
The  reading  on  the  theodolite  may  be  advantageously  checked  by 
the  needle  indicating  the  same  angle  nearly,  which  should  be  fre- 
quently, if  not  always,  read  and  recorded.  This  method  is  gene- 
rally denominated  surveying  by  the  back  angle,  or  by  traversing. 

To  avoid  repetition,  I  will  give  one  general  rule  how  the  theo- 
dolite ought  to  be  used  at  every  station.  Fix  upon  any  part  of 
the  grounds  for  your  first  station,  and  set  the  theodolite  as  level 
as  you  can,  first,  by  means  of  the  legs  and  the  levelling  screws ; 
then  set  the  index  exactly  over  360  or  180,  according  to  the 
method  of  division  of  the  limb,^  and  unlock  the  screw  a  little  that 

*  The  division  of  the  liiub  into  860  deg.  is  now  almost  unWeraal,  and  that  into 
twice  180  dog.  has  generally  JEiEJlen  into  disuse ;  but  as  some  surveyors  still  possess 
the  latter,  the  text  has  been  retained  nearly  as  before.     I  pi*efer  360  deg.,  as  no 
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holds  the  instrument  fast  to  the  legs,  and  take  both  hands  and  turn 
the  head  round  till  the  north  end  of  the  needle  settles  over  the 
south  point  in  the  compass-box.  Here  screw  the  instrument  fast 
to  the  brass  plates,  then  loosen  the  clamping  screw  a  little  that 
holds  the  telescope  and  vertical  arc  fast  to  the  limb ;  now  turn  the 
telescope  round  till  you  see  the  pole  placed  in  the  second  station 
and  the  cross  hairs  in  the  telescope  to  coincide ;  then  make  it  fast 
with  the  clamping  screw,  which  will  keep  it  from  shifting  in 
carrying  it  from  one  station  to  another,  and  set  down  the 
bearing  cut  by  the  index  on  the  limb.  The  same  operation  must 
be  performed  at  each  place  the  theodolite  is  planted  at,  except 
setting  the  needle  in  the  compass-box,  which  is  only  done  the  first 
time  to  ascertain  the  bearing.  In  this  method  of  surveying  every 
angle  is  taken  from  the  meridian.  This  keep  in  mind ;  then  pknt 
the  instrument  at  A  in  the  west  inclosure  near  Bonny  bridge,  and 
take  a  bearing  to  B,  which  is  62°  30,  and  the  distance  to  B  is  900, 
which  mark  on  an  eye-draught  or  field-book,  with  all  the  inter- 
mediate distances  on  that  line — ^that  is  to  say,  not  only  the  ofisets, 
but  the  distance  must  be  marked  where  they  were  taken  at,  which 
insert  either  in  an  eye-sketch  or  a  field-book ;  then  return  to  A, 
and  take  a  bearing  to  C  138° ;  then  screw  the  telescope  and  arc 
fast  to  the  limb,  and  measure  to  C,  which  is  560 ;  which  insert  on 
your  eye-draught  or  field-book,  also  all  the  intermediate  distances 
and  offsets  to  the  river.  Again,  plant  the  instrument  at  C,  and 
unlock  the  screw  a  little  that  holds  the  head  of  the  theodolite  fast, 
and  turn  the  theodolite  round  till  you  see  the  pole  placed  in  A 
and  the  hairs  in  the  telescope  to  coincide,  (this  is  called  taking  a 
back  sight) ;  then  screw  it  fast,  loosen  ^e  screw  M  a  little,  and 
turn  the  telescope  round  till  you  see  the  pole  placed  in  D  and  E, 
which  are  in  a  line ;  mark  the  bearing,  which  is  89^,  also  the  dis- 
tance to  D  395,  and  fix)m  D  to  E  300,  and  where  the  offset  was 
taken  of  60  at  182,  and  where  the  hedge  was  crossed  at  382  near 
D ;  all  of  which  being  entered  on  your  sketch,  set  up  the  instru- 
ment in  E,  and  take  a  back  sight  to  C  and  a  fore  sight  or  bearing 
to  B,  which  is  162*^  48',  and  the  distance  to  B  is  870 ;  which  mark 
on  your  eye-sketch  or  field-book,  also  the  offset  of  105  at  450, 
and  mark  Meets  at  B,  which  will  keep  you  in  remembrance  that 
you  made  a  close  at  B. 

You  then  return  to  the  mark  left  at  D ;  erect  the  instrument, 
and  put  the  index  to  89°  on  the  limb,  and  take  a  back  sight  to  E, 

mib-take  can  happen  with  regard  to  the  direction  and  ite  opposite,  which  may,  with- 
out due  caution,  occur  in  those  theodolites  divided  into  twice  180  dog. 
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which  is  the  same  bearing  as  was  before  obseiTed ;  then  turn  the 
telescope  to  F,  and  make  it  fast  with  the  screw  M,  and  mark  the 
bearing,  which  is  177°  36',  and  the  distance  from  D  to  F  is  630 ; 
which  mark  in  the  sketch  or  field-book,  likewise  all  the  inter- 
mediate distances  taken  to  the  river.  Again,  plant  the  instrument 
at  F,  and  take  a  back  sight  to  the  pole  left  in  D ;  then  turn  the 
telescope  about  till  you  see  a  pole  placed  at  G ;  insert  the  bearing 
68°  4ft',  also  the  distance  to  G  778,  and  all  the  intermediate  dis- 
tances on  that  line ;  then  plant  the  instrument  at  G,  and  take  a 
back  sight  to  F,  and  turn  the  telescope  round  to  £,  and  mark  the 
bearing  127®  12',  and  also  the  distance  572,  and  all  the  interme- 
diate distances  and  offsets  taken  on  that  line,  to  prove  if  the  angles 
have  been  all  right  observed.  Plant  the  instrument  in  E,  and 
take  a  back  sight  to  G ;  then  turn  the  telescope  round  till  you 
see  the  pole  placed  at  the  old  mark  D.  If  the  bearing  is  89°, 
it  is  the  same  as  it  was  before,  which  makes  you  certain  that  no 
error  has  been  made  in  taking  the  angles.  Return  to  G,  and  put 
the  index  to  127°  12',  and  take  a  back  sight  to  E,  and  turn  the 
telescope  about  till  you  see  the  pole  placed  in  H;  mark  the 
bearing  77"*  24',  also  the  distance  650  to  H,  and  the  off- 
sets taken  to  the  river.  Plant  the  instrument  in  H,  and  take  a 
back  sight  to  G,  and  turn  the  telescope  about  to  I ;  insert  the 
bearing  164°  44'  on  your  eye-sketch  or  field-book,  also  the  dis- 
tance from  H  to  I  760,  likewise  the  intermediate  distances  and 
the  offsets  to  the  river ;  next  plant  the  instrument  in  I,  and  take 
a  back  sight  to  H,  and  turn  the  telescope  about  till  you  see  the 
pole  placed  in  E,  and  insert  the  bearing  57"  12',  also  tlie  dis- 
tance 928  to  E,  and  the  offsets,  and  mark  Closes  at  E ;  then 
take  a  bearing  to  K  164°  44',  and  mark  also  the  distance  from 
I  to  K  420 ;  then  plant  the  instrument  in  K,  and  take  a  back 
sight  to  I ;  turn  the  telescope  round,  and  take  a  bearing  to  O ; 
mark  the  bearing  57°  30',  and  the  distance  to  O  128°,  both  of 
which  enter  in  the  eye-sketch  or  field-book  ;  then  take  a  bearing 
from  K  to  L  57°  30',  also  the  distance  420  from  K  to  L,  and  the 
short  distances  and  offsets  about  the  houses  of  Bonnyton ;  then  go 
to  L,  and  take  a  back  sight  to  K,  and  a  bearing  to  M,  which  is 
147**  6',  and  the  distance  from  L  to  M  400.  Plant  the  instrument 
in  M,  and  take  a  back  sight  to  L,  and  turn  the  telescope  about  till 
you  see  a  pole  placed  in  B,  If  it  answers  to  62°  30',  and  the  dis- 
tance 430  from  M  to  B,  it  is  right.  Then  turn  the  telescope 
round  from  M  to  N,  and  mark  the  bearing  62°  30'  on  the  eye- 
eketch  or  field-book,  and  also    the    distance  from  M  to  N  550, 


8U14VEYING  WITH  THE  THEODOLITK.  105 

and  all  the  interraediate  distances  and  offsets  about  the  houses  of 
Bonnyton.  Lastly,  go  to  station  N,  and  turn  the  telescope  about 
till  jou  see  the  pole  placed  in  the  old  mark  at  O,  and  mark  the 
bearing  147''  30',  and  the  distance  from  N  to  O,  which  is  366 : 
the  angle  and  distance  being  noted  down,  write  Closes  at  O;  then 
plant  the  instrument  in  O,  and  take  a  back  observation  to  N,  and 
turn  the  telescope  about  till  you  see  a  pole  placed  in  L.  If  the 
bearing  answers  to  5V  30',  which  it  will  do  if  no  error  has  been 
made,  you  may  be  certain  your  survey  will  close,  if  no  mistake 
has  been  made  in  measuring  the  distances  with  the  chain :  if  an 
error  has  been  made,  the  protracting  will  not  close ;  which  will 
oblige  the  surveyor  to  go  out  to  the  field  again  to  find  out  where 
the  mistake  has  been  made. 

I  have  no  doubt  but  some  land-measurers,  who  have  uniformly 
used  the  theodolite  by  setting  the  index  and  limb  to  360°,  and 
taking  the  angles  in  the  field  at  each  comer  of  the  fences,  will  not 
allow  this  method  to  be  so  good  as  that  which  they  have  been  par- 
ticularly accustomed  to  ;  but  I  can  with  safety  inform  them  that  a 
land-surveyor  can,  by  the  method  just  described,  take  the  bearings 
with  equal  expedition  in  the  fields,  and  can  (by  using  a  T  square 
or  parallel  ruler)  protract  them  from  one  centre  in  half  the  time 
usually  taken  by  using  a  protractor  or  line  of  chords. 

To  protract  the  observations  from  the  field-book  on  the  farm  of 
Bonnytpn,  I  will  refer  the  learner  to  the  same  method  as  particu- 
larly described  in  laying  off  the  meridian  and  distances  in  the  farm 
of  Tipperty,  page  94,  by  protracting  all  the  angles  from  one 
centre,  and  using  a  parallel  ruler  or  the  T  square — which  undoubt- 
edly is  the  best  parallel  ruler  that  was  ever  made  use  of  by  a  land- 
measurer  for  expediting  his  proti*actions,  either  from  a  field-book 
or  eye-draught,  which  should  be  kept  as  regular  as  possible,  some- 
thing in  the  manner  of  the  field-sketch  of  Tipperty  or  of  Hard- 
acres.  The  sketches  must  be  made  much  larger  than  those  used  on 
the  plates.  A  land-measurer  need  not  be  particular  as  to  tlie  pro- 
portion of  either  length,  breadth,  or  size  of  his  sketches  in  the 
field ;  but  only  to  make  them  so  as  ho  may  have  room  upon  his 
paper  to  insert  all  his  figures,  fences,  boundaries,  &c.,  and  may  use 
as  many  pages  on  his  book  as  he  chooses,  but  to  be  sure  to  mark 
where  he  leaves  off  on  one  page,  and  where  he  begins  upon  an- 
other. If  the  surveyor  prefers  keeping  a  field-book,  specimens  are 
shown  in  different  parts  of  this  work.  In  writing  a  field-book  out 
of  doors,  it  cannot  be  expected  to  be  kept  very  clean  and  regular ; 
only  observe  to  mako  your  figures  as  regular  and  legible  as  possible. 
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CONTINUATION. 

and  to  mark  every  thing  minutely  down  in  such  a  manner  as  you 
can  clearly  understand  it.     At  night,  protract  what  has  been  mea- 
sured during  the  day ;  and  if  an  error  has  been  made,  it  must  be 
rectified  the  first  thing  that  is  done  in  the  morning  in  the  fields. 
The  only  difference  in  protracting  the  above  farm  of  Bonnyton 
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from  the  method  used  in  Tippertj  farm  is,  that  the  latter  was  laid 
off  with  a  brass  semicircular  protractor,  and  the  former  laid  down  hj 
a  semicircular  one,  supposed  to  be  drawn  upon  a  large  sheet  of 
paper  J  at  least  three  times  the  diameter  of  the  one  engraved  upon 
Plate  III.  In  the  farm  of  Tipperty,  every  angle  has  to  be 
pricked  off  with  a  protracting  pin,  and  has  to  be  properly  numbered 
or  figured;  whereas  by  a  protractor  drawn  upon  your  plotting 
paper,  you  have  only  to  look  for  the  degrees  you  want,  which  are 
instantly  found  out,  they  being  regularly  marked  round  the  arch. 
I  shall  here  give  a  short  description  of  laying  off  the  bearings  and 
distances  of  the  principal  lines  that  were  measured  on  the  farm  of 
Bonnyton ;  and  tibe  bearings  laid  off  with  a  protractor  I  shall  sup- 
pose drawn  upon  paper  of  large  dimensions. 

1st.  Lay  the  T  square  upon  the  centre  ©  and  62**  SO,  which  is 
the  bearing  from  A  to  B  ;  and  then  lay  the  companion  to  the  head 
of  the  T  square,  and  move  it  parallel  up  to  A;  then  draw  in  that 
bearing,  and  prick  off  the  distance,  which  is  900  links  to  B.  Again, 
lay  the  T  square  upon  the  centre  0  and  138**,  which  is  the  bearing 
from  A  to  C ;  then  lay  the  companion  to  the  head  of  the  T  square, 
which  hold  fast  with  one  hand  till  the  other  hand  slides  the  T  square 
parallel  to  A ;  draw  the  bearing,  and  lay  off  upon  it  the  distance, 
which  is  560  links  from  A  to  C*     Again,  apply  the  T  to  89°  and 
©,  and  move  it  parallel  to  C ;  then  draw  the  bearing,  and  lay  off 
the  distance  395  to  D,  and  300  more  to  E  :  apply  the  T  to  0  and 
162°  48',  and  slide  it  parallel  to  E ;  draw  the  bearing,  and  lay  off 
the  distance  870  to  B,  which  makes  a  close.     Lay  the  T  on  0  and 
177°  36',  and  move  it  parallel  to  D;  draw  in  the  bearing  177°  36', 
and  lay  off  the  distance  630  to  F ;  lay  the  T  on  0  and  68°  48', 
and  move  it  parallel  to  F,  and  draw  in  the  bearing,  and  lay  off  the 
distance  778  to  G ;  lay  the  T  upon  127''  12'  and  O,  and  slide  it 
parallel  to  G ;  draw  in  the  bearing,  and  lay  off  the  distance  572  to 
E,  which  makes  another  close.     Lay  the  T  on  0  and  77°  30,  and 
move  it  parallel  toG,  and  draw  in  that  bearing,  and  lay  off  the  dis- 
tance 550  to  H ;  lay  the  T  upon  0  and  164°  44',  and  move  it 
parallel  to  H ;  draw  in  that  bearing,  and  lay  off  the  distance  760  to 
I ;  lay  the  T  on  57°  12'  and  0,  and  move  it  parallel  to  I :  draw 
that  bearing,  and  lay  off  the  distance  928  to  E,  where  it  should 
meet ;  lay  the  T  upon  164°  44'  and  0,  and  move  it  parallel  to  I : 
draw  in  that  bearing,  and  lay  off  the  distance  420  to  K  :  lay  the 

'  To  shorten  the  description,  O  stands  for  centre' here,  T  is  the  T  square  and 
companion ;  which  wiU  avoid  repeating  these  worda  at  full  length. 
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T  on.  57<^  and  0,  and  move  it  parallel  to  K ;  draw  in  that  bearing 
both  to  the  right  and  left  of  K,  and  lay  off  the  distance  128  to  0 
on  the  right,  and  420  to  L  on  the  left  along  the  road ;  lay  the  T 
upon  147''  6'  and  0,  and  draw  it  parallel  to  L ;  draw  in  that  bear- 
ing, and  lay  off  the  distance  400  to  M  ;  lay  the  T  upon  62*'  30^  and 
0,  and  move  it  parallel  to  M,  and  draw  in  that  bearing  both  ways 
from  M  ;  lay  off  the  distance  430  to  B  and  560  to  N ;  lay  the  T 
npon  147°  30*  and  0,  and  slide  it  parallel  to  N;  draw  in  the  bear- 
ing and  lay  off  the  distance  366  to  O,  where  it  should  meet  if  no 
error  has  been  made.  The  laying  down  the  offsets,  and  where  they 
were  taken,  is  done  in  the  same  manner  as  those  described  in  fig. 
page  22. 

Plate  IV.,  fig.  1,  represents  the  field-sketch  of  the  farm  otiHard* 
acres, — ^The  survey  was  begun  near  the  bridge  of  Allan  with  the 
chain,  and  a  theodolite  divided  into  twice  180",  which,  as  I  have 
observed  before,  is  the  best  way  of  dividing  the  limb  of  that  instru- 
ment,* as  the  needle  and  the  limb  will  always  coincide  when  there 
is  nothing  to  attract  it  from  its  natural  polarity.  Enough  has  been, 
I  hope,  already  said  to  describe  the  method  practised  in  measuring, 
taking  bearings,  offsets,  &c.,  &c.  This  being  the  case,  it  would 
only  be  a  repetition  of  what  has  been  done  in  the  farms  of  Tipperty, 
Bonnyton,  &c.  The  first  line  measured,  and  a  bearing  taken,  was 
from  Allan  bridge-end  down  the  river,  and  all  the  necessary  offsets 
taken  to  the  river  to  a  mark  left  at  B  at  1450  ;  I  returned  again  to 
the  bridge-end,  and  took  a  bearing  up  the  river  to  a  mai*k  left  at  C, 
distance  1200 ;  I  returned  again  to  the  bridge-end,  and  took  a  bear- 
ing up  the  road.  In  measuring  that  line,  I  made  a  mark  at  800, 
where  an  offset  was  taken  on  the  left  of  26,  and  another  on  the 
right  of  30,  where  a  hedge  went  off  to  the  right  and  another  went 
off  on  the  left;  both  of  which  were  straight,  and  continued  the  line 
to  a  pole  placed  at  D  ;  and  the  whole  distance  is  1569,  as  may  be 
seen  both  in  different  field-books  and  eye  or  field  sketches.  The 
instrument  was  planted  at  D,  and  a  back  sight  taken  to  a  pole  left 
at  A  at  the  bridge-end,  and  a  bearing  taken  on  the  right  of  21**  20' 
to  a  pole  at  E,  and  the  distance  to  it  is  1330,  where  the  instrument 
was  again  planted,  and  a  back  sight  taken  to  the  pole  left  at  the 
cross  roads,  and  a  fore  sight  of  97"^  taken  to  B  to  a  pole  placed  in 
the  old  mark  made  at  the  river.  In  measuring  that  line,  crossed  the 
straight  hedge  at  610 ;  and  the  whole  distance  is  1390,  which  is 

*  See  note,  pages  83  and  91. 
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marked  in  the  eye-sketch  as  well  as  in  the  field-book,  page  110. 
Betumed  back  to  the  cross  roads  at  1569,  where  the  instrument  was 
erected,  and  the  index  put  to  102°  6',  on  the  limb  which  is  the  former 
bearing  from  the  bridge-end ;  the  telescope  was  then  turned  round, 
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and  a  bearing  of  120"  taken  up  the  road.  In  measuring  that  line, 
mark  the  distance  to  Hardacres  houses,  and  ako  to  the  cross 
hedge ;  also  insert  the  whole  distance  to  F  1600,  where  the  theo- 
dolite was  again  planted,  and  a  back  sight  taken  to  the  last  sta- 
tion, and  a  bearing  to  the  right  of  30^.  In  measuring  that  line, 
insert  all  the  offsets  to  the  boundaries  in  the  eye-sketch,  as  well  as 
in  the  field-book,  and  the  whole  length  of  the  line  1290  to  G,  firom 
which  a  back  sight  was  taken  to  a  pole  left  in  the  road  at  F,  and  a 
bearing  of  US'"  24'  taken  to  the  old  mark  in  the  road  at  E.     In 
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measuring  that  line,  crossed  a  straight  hedge  in  a  line  with  the  houses 
of  Hardacres  at  550,  which  had  a  bearing  of  25%  and  the  whole  dis- 
tance was  1300  to  E,  where  another  close  was  made.    Returned  to 
C  to  the  mark  at  1200  at  the  side  of  the  river  Allan,  where,  after 
placing  the  index  to  52**  30'  on  the  limb,  took  a  back  sight  to  a 
pole  placed  where  the  survey  was  begun  at  A,  and  turned  the 
telescope  and  took  a  bearing  of  90^  30'  to  I,  to  a  pole  at  the  end 
of  the  cross  road.     In  measuring  that  line,  crossed  the  straight 
hedge  to  the  houses  at  320 ;  the  whole  length  of  the  line  is  1100 
to  I,  where  the  instrument  was  set  up,  and  a  back  sight  taken 
to  a  pole  at  the  last  station,  and  a  bearing  taken  to  a  pole  on 
the  right  of  25**  30',  along  the  road  to  a  pole  which  was  set  up  at 
the  old  mark  at  D,  and  insert  the  distances  in  the  sketch,  and  also 
the  whole  distance  to  the  middle  of  the  cross  roads,  which  is  1200, 
which  made  another  joining.     Returned  again  to  I,  and  setting  the 
index  to  25**  30'  on  the  limb,  which  is  the  former  bearing  to  the 
cross  roads,  took  a  bearing  to  a  pole  of  80^  to  K,  and  measured  the 
distance  780^  and  the  offsets  to  the  river.     The  instrument  was 
again  planted,  and  a  back  sight  taken  to  the  pole  left  in  I.     In 
measuring  that  line,  crossed  a  straight  hedge,  which  runs  in  a  line 
towards  the  houses  at  540,  and  the  whole  distance  to  the  pole  990, 
where  a  back  sight  was  taken  to  the  last  station,  and  a  fore  sight  of 
10*  6'  to  a  pole  at  M ;  the  distance  to  which  is  1060.     The  instru- 
ment was  again  placed  at  M,  and  a  back  sight  taken  to  a  pole  left 
at  990,  and  a  bearing  of  68°  and  a  distance  measured  of  500  to  a 
pole  placed  in  the  old  mark  at  the  head  of  the  road  at  F,  which 
makes  another  close  or  joining.     Returned  to  the*  houses,  which 
were  all  measured,  and  also  the  yards^  as  may  be  seen  by  the  sketch 
which  finished  the  survey. 

I  shall  now  again  refer  the  learner  to  the  method  of  protracting 
used  in  laying  down  the  angles  and  distances  in  the  farm  of  Tip- 
perty  or  the  farm  of  Bonnyton,  where  the  bearings  were  all  laid  off 
by  a  large  protractor  drawn  upon  paper,  and  he  may  either  lay  off 
his  parallels  with  the  T  square  or  a  parallel  ruler,  and  lay  off  his 
distances  either  with  the  scale  and  compasses  or  a  feather-edged 
scale,  as  it  suits  conveniency.  If  he  prefers  keeping  a  field-book  to 
an  eye-draught,  see  page  110,  &c 

Plate  IV.,  fig.  2,  is  the  farm  of  Hardacres  protracted  from  a  smalt 
scale,  on  purpose  to  give  the  learner  an  idea  how  one  part  bears 
from  another.  On  it  I  have  only  inserted  the  principal  lines  that 
were  measured,  which  are  dotted,  and  the  length  of  each  station. 
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To  have  put  in  all  the  bearrngs  and  ofisetB  upon  so  small  a  scale 
would  have  made  it  confused  and  unintelligible.  The  pupil  may 
make  a  plan  upon  a  large  scale  for  improvement,  either  from  the 
eje-sketch,  fig.  1,  or  field-book,  page  110,  &c. 

Plate  V.  is  a  sketch  of  the  farm  of  Dundaff^  where  all  the  mea- 
sured lines  are  represented  b  j  dots,  also  the  ofisets,  and  where  taken 
at — ^likewise  the  bearings — and  is  protracted  from  a  scale  of  foiu* 
chains  in  an  inch,  and  is  partly  meastured  within  the  grounds  and 
partly  without,  and  the  bearings  taken  with  a  theodolite  divided 
into  360*,  and  made  use  of  in  the  same  maimer  as  described  in  the 
farms  of  Bonnyton  and  the  farm  of  Hardacres.  By  beginning 
the  survey  with  setting  the  north  end  of  the  needle  over  180*  in 
the  compass,  and  the  index  over  360*  on  the  limb  of  the  theo- 
dolite— the  needle  corresponds  with  the  limb  of  the  index  only 
every  other  station :  whereas  in  the  above-mentioned  farms  of 
Bonnyton  and  Hardacres  both  ends  of  the  needle  always  correspond 
with  the  limb,  if  no  error  is  made,  and  no  hidden  magnetic  powers 
to  attract  it.  The  only  difference  is,  that,  in  taking  a  bearing  one 
way,  I  shall  suppose  90°,  in  looking  forward  to  a  station,  and  when 
you  go  up  to  that  station,  and  take  a  back  sight  to  the  pole  left  at 
the  last  station,  the  bearing  is  270** ;  whereas,  when  the  limb  of  a 
theodolite  is  divided  into  twice  180\  the  fore  sight  and  the  back 
sight  is  always  the  same,  which  requires  only  a  semicircular  pro- 
tractor to  prick  off  the  bearings,  but  the  other  requires  a  whole 
circle,  which  must  be  divided  into  360°.  Should  you  not  make  use 
of  it  in  taking  a  fore  sight,  and  then  a  back  sight,  it  must  be  used 
in  the  same  way  as  described  in  the  farm  of  Bonnyton,  with  the 
additional  trouble  of  putting  the  index  to  360**  on  the  Emb  at  every 
station  to  take  the  back  sight,  which  is  very  tedious  to  protract,  as 
the  protractor  must  be  removed  from  one  station  to  another,  to 
lay  off  every  angle  that  has  been  taken  at  the  different  stations. 
Although  this  method  of  surveying  is  practised  by  several  land- 
measurers  in  the  United  Kingdom,  it  is  neither  so  quick  in  the 
field,  nor  so  soon  protracted  as  by  clamping  the  theodolite  at  every 
bearing  that  is  taken,  and  remains  fixed  till  you  go  to  another  sta- 
tion and  take  the  back  sight ;  indeed,  some  land-measurers  that 
make  use  of  two  telescopes,  the  one  below  the  limb,  and  the  other 
above  the  arc,  may  be  as  quick  in  the  field,  the  under  telescope 
being  always  fixed  under  360°,  and  the  upper  one  that  is  above 
the  arc  is  moved  round  the  limb  by  the  rack  and  pinion.  A 
theodolite  of  this  description  is  called  the  new  improved  theodolite  ; 
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but  few  practical  surveyors  make  use  of  the  under  telescope; 
-besides,  in  surveying  with  it,  when  you  come  to  lay  off  the  angles, 
the  protractor  must  be  removed  from  one  station  to  another,  as 
described  in  the  farm  of  Bonnyton,  as  I  have  taken  notice  of  above, 
which  is  extremely  tedious.  But  for  preferring  one  method  of  sur- 
veying and  protracting  to  another,  I  am  aware  of  exposing  myself 
to  censure ;  for  well  do  I  know  that  every  surveyor  is  partial  to  his 
own  method  of  working,  both  in  the  fields  and  in  the  house.  It  is 
not  uncommon  for  a  land-measurer  who  has  been  accustomed  to 
measure  with  the  chain  alone,  to  condemn  all  other  instruments 
whatever ;  but  this  may  be  owing  to  his  being  ignorant  of  the 
use  of  any  other.  What  I  have  principally  been  attempting  is, 
to  describe  the  different  methods  of  using  the  theodolite  in  the  field, 
pointing  out  the  various  methods  of  protracting  the  observations, 
keeping  the  field-book,  and  taking  eye-sketches  in  the  field,  tiiat  a 
learner  may  adopt  whichever  metiiod  he  is  partial  to. 

Page  115  is  the  field-book  of  Dundaff. — The  survey  of  Dundaff 
was  beg^n  at  A,  and  a  bearing  of  72**  and  a  distance  measured  of 
824  to  B  ;  returned  to  A,  where  a  bearing  of  110"  was  taken  to  a 
pole  placed  in  C.  In  measuring  that  line,  all  the  intermediate 
distances  were  inserted,  which  are  marked  on  the  sketch,  and  the 
distance  1600  to  G,  where  the  instrument  was  again  planted,  and  a 
back  sight  taken  to  A :  the  screw  was  loosened  a  little,  and  the 
telescope  turned  round  by  the  pinion  to  B,  and  the  bearing  318**,  as 
also  the  distance  1070  to  B,  inserted  in  the  field-tiook,  with  all  the 
intermediate  distances  and  offsets ;  a  bearing  of  50*  was  taken,  and 
a  distance  of  1340  from  C  to  D,  with  all  the  intermediate  distances. 
The  instrument  was  planted  at  D,  and  a  back  sight  taken  to  C,  and 
a  bearing  of  330*,  and  a  distance  of  600  to  E.  The  instrument  was 
set  up  at  the  comer  of  the  planting  at  E,  and  a  back  sight  taken  to 
D,  and  a  bearing  of  116*  30',  and  a  distance  of  790  to  F,  where  the 
instrument  was  again  planted,  and  a  back  sight  taken  to  E,  and  a 
bearing  of  218*,  also  a  distance  of  1200  to  B,  which  makes  a  close; 
another  bearing  was  taken  from  F  of  130*  24',  and  a  distance  of  995 
to  G.  The  instrument  was  set  up  at  G,  and  a  back  sight  taken  to 
F,  and  a  bearing  of  51*  30^,  and  a  distance  of  666  to  H,  where  the 
instrument  was  again  planted,  and  a  bearing  of  218^  30*,  and  a  dis- 
tance of  750  to  I ;  where  the  instrument  was  again  set  up,  and  a 
back  sight  taken  to  H,  a  bearing  was  taken  up  the  brook  of  118* 
6',  and  a  distance  of  1090  to  the  comer  of  a  hedge  at  the  road  near 
the  houses ;  another  bearing  was  taken  from  I  of  50^  00'  and  a 
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distance  of  642  to  K.  The  inBtrument  was  again  set  up  at  K,  a 
back  sight  taken  to  1,  a  bearing  of  330**,  and  a  distance  of  250  to 
L,  where  the  instrument  was  again  planted,  and  a  bearing  of  110' 
and  a  distance  of  608  to  A ;  which  makes  a  close.  Betumed  to  the 
houses,  and  took  a  bearing  of  135'  along  the  yard  dike,  and  mea- 
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Bured  the  length,  breadth,  &c.  of  the  yard  and  bouses ;  which  are 
all  inserted  in  the  field-book,  as  are  also  all  the  ofisets  and  interme- 
diate distances  on  each  of  the  lines,  whether  in  the  farm  or  out  of  it. 

Great  care  is  required  in  protracting  a  farm  measured  in  the  way 
that  Dundaff  is,  with  a  theodolite  divided  into  360° ;  when  a  back 
station  is  taken,  it  reverses  the  degrees — that  is  to  say,  the  first  sta- 
tion firom  A,  the  bearing  was  110®  to  C,  when  the  instrument  is 
placed  at  C  and  a  back  sight  taken  to  A ;  and  if  another  pole  was 
put  in  the  same  line,  the  bearing  to  it  would  be  290°.  The  only  way 
that  I  know  to  rectify  this  is,  by  putting  the  index  to  the  limb  to 
coindde  with  290**,  which  is  known  by  adding  180°  to  110°,  or  sub- 
tracting 180°  from  the  number  of  degrees  between  that  and  360®,  and 
protract  the  remainder.  For  example,  in  looking  down,  the  bear- 
ing from  F  to  B  is  218°,  in  looking  up  from  B  to  F  the  bearing  is 
38* ;  now,  if  180°  is  subtracted  from  218°,  the  remainder  is  38%  which 
the  index  should  be  placed  at  on  the  limb  in  taking  a  back  sight  from 
F  to  B.  This  may  be  thought  troublesome,  which  no  doubt  it  is. 
I  know  of  no  other  method  to  go  regularly  on,  but  by  placing  the 
theodolite  at  every  station,  and  setting  the  magnetic  needle  over  the 
jleur  delta  in  the  compass-box,  and  taking  the  bearings  and  angles 
from  the  meridian  in  the  same  way  as  described  in  regard  to  the 
fig.  1,  farm  of  Tipperty,  which  was  surveyed  by  a  theodolite  divided 
into  twice  180**,  and  which  is  preferable  to  a  theodolite  that  is 
divided  into  360"  to  a  practical  surveyor ;  yet  I  must  acknowledge 
I  give  the  preference  to  a  theodolite  that  is  divided  into  360°  for 
taking  a  range  of  bearings  in  taking  the  survey  of  a  county.  To 
protract  and  lay  off  the  angles,  I  refer  the  pupil  to  the  same  method 
as  described  in  planning  the  farm  of  Bonnyton  or  Tipperty. 

The  most  tedious  and  troublesome  survey  a  land-surveyor  gene- 
rally meets  with,  (except  a  large  town,)  is  taking  the  measurement 
of  common  fields,  in  some  places  called  Borough-acres^  and  in  other 
places  Runrriga.  The  method  I  have  hitherto  practised  has  been, 
by  first  measuring  and  taking  offsets  where  necessary,  and  marking 
every  distance,  and  inserting  the  name  of  every  proprietor  on  an 
eye-sketch,  which  I  make  as  large  as  I  have  room  for,  as  there 
are  a  g^at  number  of  short  distances  to  set  down,  as  may  be  seen 
on  Plate  VI.  fig.  1. 

The  survey  was  begun  at  A  at  the  comer  of  Robert  Brown's 
ridges,  where  the  theodolite  was  properly  adjusted  and  planted, 
and  a  bearing  taken  to  D  of  26^  48',  and  another  to  B  of  155°  30^. 
In  measuring  the  line  from  A  to  D,  entered  upon  David  Rennie's 
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property  at  300,  upon  Thomas  Smellie's  property  at  397,  upon 
Mrs  George's  at  560,  upon  Gabriel  Peacock's  at  640,  upon  Bobert 
Thomas's  at  1000,  upon  John  Dice's  at  1162,  upon  John  Wilson's 
at  1290,  and  crossed  John  Wilson's  far  boundary  at  1432 ;  and 
the  whole  distance  to  D  is  1500 ;  which  is  inserted  both  in  a  field- 
book  and  an  eye-sketch,  also  all  the  offsets  and  intermediate  dis- 
tances, and  where  they  were  taken  at :  returned  to  A,  and  measured 
towards  B ;  entered  upon  Bobert  Brown's  property  at  793,  and  left 
it  at  1400,  and  measured  on  to  B  1560,  where  the  instrument  was 
planted.  After  having  inserted  in  the  field-book  and  eye-sketch 
all  the  intermediate  distances  and  offsets,  a  back  sight  was  taken 
from  B  to  A,  and  a  bearing  of  43"^  taken  to  C.  In  measuring  that 
line,  I  inserted  every  proprietor's  name  where  the  chain  entered  their 
property,  also  the  distances,  in  the  same  manner  as  marked  on  the 
line  A  D,  and  the  whole  distance  1740  to  G,  likewise  the  offsets, 
and  where  they  were  taken  at.  The  instrument  was  again  set  at 
C,  and  a  bearing  of  142°  24'  taken  to  the  old  mark  left  at  D,  after 
taking  a  back  sight  to  B.  In  measuring  that  line,  entered  upon 
John  Wilson's  property  at  100,  and  left  it  at  1162,  and  the  whole 
distance  to  D  is  1900 ;  which  made  a  close.  That  distance,  as 
well  as  the  intermediate  ones  and  the  offsets,  and  where  taken  at, 
were  entered  upon  the  sketch,  as  weU  as  the  field-book  kept  by 
one  of  the  assistants  by  way  of  a  check. 

Plate  VI.  fig.  2,  is  the  eye-draught,  representing  where  the 
fields  were  crossed  to  ascertain  the  different  breadths,  which  are 
very  irregular,  as  may  be  seen  by  fig.  3.  The  field  was  crossed, 
as  may  be  observed,  at  fidx  different  places,  at  the  distance  of  250 
links  from  one  grossing  to  another,  except  the  last,  whidi  was  only 
at  200 :  a  bearing  was  taken  of  43°  at  each  crossing,  on  purpose  to 
go  parallel  with  the  line  B  G,  as  no  back  sight  could  be  got:  the 
needle  in  that  case  was  trusted  to,  by  setting  it  over  the  north 
point  in  the  compass-box  and  the  index  to  180°  on  the  limb,  and 
turning  the  pinion  round  tUl  the  index  cut  43°  on  the  limb.  One 
of  the  assistants  was  sent  forward  with  a  pole  to  John  Wilson's 
boundary,  and  a  sign  is  made  to  him  to  move  to  the  right  or  to  the 
left  till  he  is  seen  through  the  telescope,  where  he  sticks  in  the  pole, 
which  is  parallel  with  the  line  B  G.  I  began  to  measure  across  the 
different  properties  at  Bobert  Brown's  boundary,  being  the  line 
b  i,  to  the  outside  of  John  Wilson's  boundary,  which  is  1808,  and 
marked  each  property  at  entering  upon  them,  and  abo  the  name  of 
every  proprietor,  as  was  done  upon  the  line  AD.    I  returned  again 
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to  Bobert  Brown's  boundary,  and  measured  the  Une  c  c,  where  a 
bearing  of  43"*  was  taken  across  the  properties  as  before  on  the  line 
b  bj  and  marked  where  every  proprietor's  land  was  entered  upon, 
as  also  their  names,  and  the  whole  distance,  which  is  1904.  I 
returned  again  to  Bobert  Brown's  boundary,  and  measured  the  line 
d  d  across  to  John  Wilson's  far  boundary,  which  is  1605 ;  I  returned 
again  to  Bobert  Brown's  boundary,  and  measured  the  line  e  «  to 
John  Wilson's  far  boundary,  which  is  1464 ;  I  returned  again  to 
Bobert  Brown's  boundary,  and  measured  the  liney]/^  which  is  1360 : 
lastly,  I  w^it  to  the  old  mark  in  A,  which  is  only  200  links  {romffj 
and  measured  across  to  John  Wilson's  far  boundary,  which  is  1322. 
The  distances  were  all  carefully  set  down  on  an  eye-sketch,  and 
also  on  a  field-book,  with  every  distance  where  each  proprietor's 
land  was  entered  upon,  and  also  their  names  on  each  of  the  cross- 
ings. A  land-surveyor  that  has  had  much  practice,  instead  of 
returning  always  back  to  Bobert  Brown's  boundary,  after  having 
finished  one  line,  would  measure  250  links  from  John  Wilson's 
boundary  across  to  that  of  Bobert  Brown's,  after  taking  the  bear- 
ing 43^  across  the  properties ;  and  so  on  alternately,  by  measuring 
across  one  way  and  returning  the  other.  But  this  method  is  not 
so  distinct  as  the  way  described  above,  although  it  would  save  a 
great  deal  of  time  in  the  field.  It  is  not  material  whether  you  cross 
the  properties  at  100,  200,  or  250  links;  but  it  is  absolutely 
necessary  that  you  know  the  distance  of  one  crossing  from  another. 

Plate  YI.  fig.  3,  \b  the  protracted  plan  of  the  common-field,  laid 
down  upon  a  small  scale.  The  lines  that  were  measured  are  re- 
presented by  dots ;  each  angle  is  inserted,  and  the  whole  length 
fit>m  one  station  to  another ;  but  on  account  of  the  smallness  of  the 
scale,  being  only  eight  chains  to  an  inch,  there  is  not  sufficient 
room  for  inserting  all  the  intermediate  distances  of  each  person's 
property,  nor  the  offsets,  or  where  they  were  taken  at :  however, 
it  is  apprehended  it  will  give  the  learner  an  idea  of  plotting,  either 
from  a  field-book  or  eye-sketch  of  the  ground. 

In  plotting  this  field,  draw  a  line  at  pleasure  to  represent  a 
meridian,  and  lay  a  protractor  upon  that  line :  first  prick  off  the 
centre  0,  and  also  the  bearings  26^"  48',  155^  30^,  43%  and  142'' 
24' ;  then  apply  the  T  square,  or  a  parallel  ruler,  to  the  centre  and 
the  prick  made  at  26''  48',  and  slide  it  parallel  to  any  part  of  the 
paper  you  intend  to  begin  at,  and  with  the  compasses  take  off  the 
distance  1500  from  a  lai*ge  scale,  and  lay  it  off  from  A  to  D ;  then 
lay  the  T  square  upon  155"^  30*,  and  the  centre  Q,  and  move  it 
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parallel  to  A  ;  draw  that  bearing,  and  lay  off  the  distance  1560  to 
B  ;  then  lay  the  T  upon  0  and  43°,  and  draw  the  bearing  from  B, 
and  lay  off  the  distance  1740  to  C ;  then  apply  the  T  square  to 
the  O  and  142''  24' ;  draw  in  that  bearing  from  C,  and  lay  off  the 
distance  1900,  where  it  ought  to  close ;  which  it  will  do  if  the 
angles  have  been  all  rightly  taken,  and  the  distances  measured 
correctly.  Again,  lay  off  all  the  intermediate  distances  and  offsets 
round  the  field,  draw  in  the  boundary  from  one  offset  to  another ; 
and  when  you  lay  off  the  cross  lines,  lay  down  the  bearing  43°, 
which  will  always  be  parallel  with  the  bearing  laid  down  from 
B  to  C,  and  prick  off  every  intermediate  distance  from  Bobert 
Brown's  boundary  to  John  Wilson*s  far  boundary,  which  was 
measured  across  tiie  field,  and  make  marks  with  the  point  of  the 
compasses  where  you  crossed  every  property;  do  the  same  upon  all 
the  other  lines  that  were  measured  across  the  field  ;  then  draw  in 
with  a  black-lead  pencil  from  one  mark  to  another,  humouring  the 
natural  bends  of  the  curve  of  each  property  which  are  very  crooked, 
which  ink  in  without  loss  of  time,  and  insert  each  proprietor's  name 
upon  his  ridges. 

Page  121  is  the  field-book  of  the  common-field,  run-rigs,  or 
burrow-acres. 

Plate  VII.  fig.  1,  is  an  eye-sketch  of  a  survey  taken  of  a  harbour, 
which  is  reckoned  a  very  difficult  survey,  as  so  many  objects  have  to 
be  taken  notice  of.  This  survey  was  taken  with  a  theodolite  divided 
into  twice  ISO'',  which  was  first  planted  at  the  farther  part  of  the  east 
new  pier,  where  a  bearing  was  taken  of  50**,  and  a  distance  measured 
of  460  feet  to  a  pole.  The  instrument  was  again  set  up  at  460,  and 
the  theodolite  turned  round,  by  taking  a  back  sight  to  the  last 
station  and  a  bearing  to  the  east  head  of  llO*",  and  the  distance  to 
the  end  of  the  east  head  was  210 ;  another  bearing  was  taken 
from  460  of  90^"  30'  to  a  pole  placed  at  140  ;  the  instrument  was 
again  planted  at  140,  and  a  back  sight  taken  to  the  last  station, 
and  the  telcdcope  turned  round  to  the  comer  of  a  house  next  the 
harbom*,  which  bearing  is  135°,  and  a  distance  of  153 ;  another 
bearing  was  taken  from  140  of  90°  30^  to  a  pole  placed  at  125  ; 
from  whence  a  bearing  was  taken  of  144°  along  the  side  of  the  dry 
dock,  which  measured  244 ;  another  bearing  was  also  taken  from 
125  of  22°,  and  the  distance  measured  100  feet ;  a  bearing  was 
taken  from  100  of  114°  to  a  short  distance  of  33,  and  from  33  a 
bearing  was  taken  of  151°  to  the  end  of  a  house  on  the  north  side 
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of  the  dry  dock,  which  measured  180  feet.  It  will  be  proper  to 
observe,  that  many  offsets  were  taken,  and  the  distances  set  down 
in  the  sketch,  which  the  pupil  must  refer  to.  Another  bearing  was 
taken  from  100  of  22°  to  a  short  distance  of  40,  from  whence  a 
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bearing  of  liS''  was  taken,  and  a  distance  measured  of  160  feet  to 
the  harbonr ;  another  angle  was  taken  from  40  of  65''  to  a  pole  at 
120 ;  from  thence  a  bearing  was  taken  of  Id''  to  a  pole  placed  at 
163,  and  a  bearing  taken  of  US'"  20  to  a  pole  placed  in  460,  and 
offsets  taken  on  the  left  to  the  harbonr,  and  also  on  the  right  to  the 
houses ;  at  460  a  bearing  of  85°  SO'  to  the  right  hand  up  the  main 
street,  and  a  distance  measured  of  300;  another  bearing  to  the  left  of 
97®  36'  was  taken  at  460,  andadistance  measured  of  300  to  the  comer 
of  the  herring  pier,  which  measured  300;  from  whence  a  bearing  was 
taken  of  5V  to  the  south  comer  of  the  herring  pier,  which  measured 
160  feet ;  another  bearing  was  taking  from  300  to  a  pole  placed  at 
138 ;  from  thence  a  bearing  was  taken  of  104"*  to  a  pole  placed  at 
630.  To  enumerate  all  the  different  offsets,  and  where  taken,  I 
refer  the  pupil  to  the  sketch,  which  will  give  him  a  better  idea  than 
lengthening  the  description  to  several  pages.  A  bearing  was 
taken  of  28''  at  630  along  the  west  shore  pier  to  a  pole  placed  at 
700 ;  from  whence  a  bearing  was  taken  of  158  to  a  pole  placed  at 
390 ;  from  thence  a  bearing  was  taken  of  96''  SO'  along  the  west 
head,  and  a  distance  measured  of  250 ;  another  bearing  was  taken 
from  390  across  the  mouth  of  the  inner  harbour  to  the  east  head  of 
99'' ;  also  another  bearing  was  taken  from  390  to  a  pole  of  166'' 
30',  and  a  distance  measured  of  220 ;  from  thence  a  bearing  was 
taken  to  the  end  of  the  new  west  pier,  and  a  distance  measured  of  150. 
To  plot  the  observations  taken  of  this  survey  will  require  a  con- 
siderable time,  on  account  of  the  numerous  distances  and  offsets. 
To  give  an  explanation  here,  would  merely  be  a  repetition  of  what 
has  been  already  ftdly  explained  of  the  farm  of  Tipperty,  page  94, 
also  of  Plate  UI.  farm  of  Bonnyton. 

Plate  VII.  fig.  2,  is  a  small  protracted  plan  of  the  harbour  of 
Burntisland,  evidently  laid  down  fix>m  the  rough  eye-sketch,  upon 
a  scale  of  one  fourth  of  an  inch  to  100  feet  in  length,  including 
the  principal  measured  lines  set  down  upon  it  from  one  station  to 
anodier  only,  which,  it  is  thought,  will  tend  to  give  the  learner  an 
idea  what  he  will  have  to  do  if  he  thinks  proper  to  lay  it  down 
upon  a  larger  scale. 

Land-surveyors  are  fi^uently  employed  to  take  the  survey  of  a 
road,  and  to  ascertain  the  distances  of  such  farm-houses  as  are  near 
to  it  on  each  side,  as  well  as  those  places  that  are  adjacent  to  it.  The 
figure  on  p.  124  is  an  eye-sketch  of  a  road,  the  dimensions  of  which 
are  taken  in  feet,  and  the  bearings  taken  with  a  theodolite  divided 
into  twice  180^*.     The  survey  was  begun  at  Stagehall,  where  the 
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instniment  was  planted,  and  a  bearing  on  tbe  right  taken  of  38^ 
to  Hemphouse;  the  next  bearing  is  21''  SO'  to  Hillhead,  and 
another  bearing  was  taken  on  the  left  of  84''  3(y  to  Hillton,  and  a 
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bearing  taken  to  a  pole  along  the  road  of  130'',  and  the  distance 
of  1500,  to  the  pole  where  the  theodolite  was  planted,  and  a  back 
sight  taken  to  a  pole  left  at  Stagehall ;  a  bearing  of  102*^  taken 
to  Hemphouse,  also  another  to  Hillhead  of  83°  48',  and  another 
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on  the  left  to  Hillton  of  170''  30'.  In  protracting  these  bearings, 
where  they  intersect  will  ascertain  the  distance  they  are  from  the 
road.  An  angle  was  also  taken  up  a  by-road  of  97°,  in  a  line 
with  the  house  of  Janefield,  and  a  bearing  along  the  road  to  a 
pole  of  176''  30',  and  the  distance  of  1670  measured  to  the  pole 
where  the  instrument  was  planted,  and  a  bearing  taken  of  130^ 
24'  to  HiUhead,  when  you  protract  that  bearing.  If  the  intersec- 
tion answers  by  all  three  bearings  meeting  in  a  point,  it  is  a  proof 
that  no  error  has  been  made.  Another  bearing  was  taken  on  the 
right  to  Bogton  of  168°,  also  one  of  33''  on  the  left  to  Janefield, 
likewise  another  of  88°  30^  to  Whitekirk,  and  a  bearing  of  130'' 
24'  along  the  road  to  a  pole,  and  a  distance  of  1800  measured  to 
the  pole.  In  measuring  that  line,  past  by  the  house  of  Tippermore 
on  ihe  right  at  900,  and  a  by-road  on  the  left  at  1300.  The 
instrument  was  next  erected  at  1800,  and  a  bearing  of  70°  18'  on 
the  right  to  Bogton,  and  another  of  148°  to  Jock's  Lodge,  also  a 
bearing  on  the  left  of  172^*  30^  to  Janefield,  and  another  of  20° 
30'  to  Whitekirk,  likewise  another  of  80°  24'  to  Primrose,  and  a 
bearing  along  the  road  of  122°  to  a  pole  at  1200,  where  the  instru- 
ment was  planted,  and  a  bearing  of  34°  24'  to  Jock's  Lodge  ;  also 
another  of  148°  to  Wallton,  and  a  bearing  on  the  left  of  163°  24' 
to  Whitekirk,  and  another  of  41°  to  Primrose,  and  a  bearing  along 
the  road  of  87°,  and  a  distance  of  1850  to  the  pole.  In  measuring 
that  line,  past  a  by-road  on  the  right  and  the  house  of  Knotting 
at  800;  and  at  1600  entered  the  village  of  Durham,  the  whole 
distance  to  the  pole  being  1850  in  the  middle  of  the  village,  where 
the  instrument  was  planted,  and  a  bearing  taken  on  the  right  of 
46*'  to  Wallton,  another  on  the  left  to  Primrose  of  128°  36',  another 
of  135^  along  a  straight  road  to  Janefield,  and  another  of  148° 
along  the  road  to  Wicklaw.  In  measuring  that  line,  past  the  house 
of  Coldhome  on  the  left  at  1000,  and  the  house  of  Fairholm  on 
the  right  at  2500,  and  left  off  at  4000  at  Wicklaw.  A  pupil  will 
observe  to  be  very  carefiil  in  protracting  his  distances  and  bearings, 
wherever  the  bearings  intersect  one  another,  as  observed  before. 
If  right  taken,  they  will  be  the  exact  distance  from  the  road,  also 
the  precise  distance  from  one  another ;  and  if  three  or  more  bear- 
ings to  any  one  place  intersect  in  a  point,  it  is  a  proof  that  the 
distances,  as  well  as  the  angles,  have  been  all  right  taken.  If  the 
road  was  50  or  60  miles  in  length  it  must  be  all  done  in  the  same 
way.  A  surveyor  ought  always,  if  possible,  to  have  three  or  even 
more  bearings  to  an  object,  in  order  that  he  may  be  completely 
certain  of  the  intersection. 
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The  figure  2  ia  a  protracted  plan  of  the  road  laid  down  from  the 
eje-aketch  upon  a  scale  of  200  feet  in  an  inch,  which  is  introduced 
to  point  out  the  length  of  the  road,  and  how  the  different  houses 
stand,  and  also  how  they  are  situate  one  from  another.  It  was 
laid  down  from  one  centre,  and  the  bearings  laid  off  by  a  paper 
protractor,  as  described  in  Plate  III.  and  the  bearings  drawn 
with  the  T  square  and  its  companion,  as  particularly  described  in 
Plate  III.  which  it  is  needless  to  repeat  here,  as  the  method 
of  using  the  theodolite,  the  protractor,  and  T  square,  have 
been  so  often  taken  notice  of  in  this  work.  An  eye-sketch  for  a 
survey  of  this  kind  is  preferable  to  keeping  a  field-book ;  for  to  set 
down  all  the  distances,  bearings,  and  names  of  places,  &c.  in  a 
field-book,  would  make  it  so  complex,  that  it  would  not  easily  be 
understood ;  besides,  a  sketch  gives  a  much  better  idea  how  to  pro- 
tract the  road. 

Plate  XVIII.  fig.  9,  represents  the  section  of  two  hills  that  the 
boundary  of  an  estate  goes  over,  where  the  hypotenuse  can  only 
be  measured,  which  is  much  longer  than  the  level  line  A  £.  As  a 
convex  surface  cannot  be  laid  upon  a  sheet  of  drawing-paper, 
the  difference  must  be  found  by  reducing  the  hypotenuses  to 
horizontal  measure,  which  is  commonly  done  on  the  spot,  if  the 
arc  on  the  theodolite  is  divided,  as  is  observed  it  should  be 
in  the  description  of  the  theodolite,  which  shows  at  once  what 
number  of  links  to  allow  in  each  chain's  leng^  in  ascending 
or  descending  a  hill  at  a  certain  angle.  If  it  is  not  divided 
in  that  way,  the  following  table  must  be  applied  to  when  you 
are  plotting  your  survey,  otherwise  great  mistakes  will  occur 
in  calculating  the  adjoining  lands,  as  it  will  give  the  measure  of 
them  shorter  upon  your  plan  than  what  they  really  are :  for  ex- 
ample, if  you  take  a  piece  of  thread,  and  put  in  pins  at  A  B  C 
D  and  E,  and  apply  tiie  length  to  the  level  line  A  E,  it  will  reach 
to  F,  which  is  392  links  too  long.  The  figure  being  laid  down 
upon  a  scale  of  ten  chains  to  an  inch,  this  makes  it  evident  that  the 
line  measured  across  the  hills  must  be  reduced  to  horizontal  mea- 
sure, that  every  field  on  the  plan  may  lie  in  its  true  situation ; 
which  they  will  not  do  if  no  allowance  is  made ;  and  will  not  only 
displace  the  next  fence,  but  overrun  a  great  space  into  the  next 
field,  and  make  it  too  littie. 

The  following  table  shows  the  number  of  links  to  be  deducted 
from  each  chain's  length  in  ascending  or  descending  a  hill,  or  any 
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nneyen  ground,  to  reduce  the  IiypotenuBe  or  indined  plane  to  a 
level.* 

If  the  ascent  or  descent  of  a  hiU  be  nearly  as  below — 
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JEa^latuUian  of  the  Table. — For  example,  the  length  of  the  line 
A  B,  fig.  9,  Plate  XYIH.,  is  1200,  and  the  angle  of  declivity  is 
l?"*  Id',  which  shows  that  4  links  and  a  half  are  to  be  deducted  from 
every  chain,  which  shortens  the  distance  54  links  to  reduce  A  B  to 
A  I ;  the  length  of  the  line  B  C  is  830,  and  the  angle  of  declivity 
is  !&"  16',  which  shows  that  4  links  are  to  be  deducted  from  each 
chain,  which  shortens  the  line  33  links ;  the  length  of  the  line  C  D 
is  800,  and  the  angle  of  declivity  34^  55',  which  shows  by  the  table 
that  18  links  are  to  be  deducted  from  each  chain's  length,  and  that 
the  distance  must  be  shortened  144  links ;  the  length  of  the  line  D  E 
is  700  links,  and  the  angle  of  declivity  is  39^  40',  which  shows  that 
23  links  must  be  deducted  from  each  chain — which  shortens  the 

•  This  is  merely  a  table  of  natunil  verBuieB  to  a  radius  of  100,  the  number  of  links 
In  a  chain,  by  which,  if  necessary,  it  may  be  extended  or  interpolated.  It  has  been 
recomputed,  corrected,  and  extended  in  this  edition.  It  is  occasionally  graduated 
on  one  side  of  the  vertical  arc  of  the  theodolite. 
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distance  161  links;  whence  ABU  reduced  to  A  I,  B  C  to  I  H, 
C  D  to  H  G,  and  D  E  to  G  E. 


This  figure  represents  a  large  inclosure  of  74  acres  49  perchest 
the  outline  of  which  is  upon  a  gentle  declivity,  but  has  a  very  ser- 
pentine brook  or  rivulet  running  through  it,  with  very  steep  banks 
on  each  side  of  the  brook.  The  proprietor  wished  to  know  the 
difference  betwixt  the  horizontal  and  the  surface  measure.  Angles 
of  declivity  were  taken  on  various  parts  of  the  bank,  to  find  out  the 
difference  of  the  hypotenuse  and  level.  It  was  found  that  the 
difference  was  6.05  acres ;  which,  when  added  to  the  amount  of 
the  inclosure  by  the  first  measure,  would  have  made  the  park  80 
acres  54  perches,  in  place  of  74  aires  49  perches,  as  before  men- 
tioned. Those  deep  ravines,  glens,  or  gullies,  are  frequently  met 
with  in  large  surveys.  Great  care  ought  to  be  taken  by  land- 
measurers  to  make  the  allowance  for  ascending  or  descending 
hills  and  steep  banks  by  the  table  for  shortening  the  hypotennsal 
lines  in  plotting,  otherwise  the  lines  will  not  meet  upon  paper  when 
the  distances  are  laid  down  upon  the  plan.  For  example,  if  you 
were  to  take  the  breadth  of  the  inclosure  across  the  middle  trom  A 
to  B,  it  would  extend  the  line  to  D,  which  makes  a  difference  of 
170  links  in  width.  This  park  is  merely  introduced  to  show  the 
difference  betwixt  horizontal  and  surface  measure  ;  which  by  some 
surveyors  is  disputed,  on  account  that  hilly  ground  is  not  so  pro- 
ductive as  level  land.  I  certainly  agree  with  them ;  but  it  is  not 
a  land-measurer's  business  to  mind  whether  One  part  of  the  ground 
is  more  fruitful  than  another,  but  that  of  a  valuator,  who  places 
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audi  value  u  hy  experience  he  thinks  the  land  is  worth  per  acre ; 
aod  the  Und-measurer's  daty  is  to  do  his  huainess  correcdj.  The 
additional  tronble  in  measuring  and  plotting  hilly  ground  is  un- 
doubtedly their  objection  for  not  giving  the  surface  measure  the 
preference  to  that  of  the  horizontal,  which  every  surveyor  ought  to 
allow  for  in  laying  off  the  distances  upon  their  plans,  otherwise 
the  lines  will  not  meet,  and  the  adjoining  land  will  have  too  little 


This  figure  represents  ahilljandthe  difference  is  required  between 
horizontal  and  surface  measure.     The  surface  measure  is  20  acren 


76  perches,  and  the  horizontal  measure  only  amonntstolT  acres  76 
perches,  which  makes  three  acres  of  difference.  In  measuring  up 
the  hill  from  whence  the  survey  was  began  at  A,  an  angle  was 
taken  up  the  hill  of  16°  23  and  the  distant  to  the  pole  is  780, 
which  shortens  the  line  31  links  and  a  half  at  780 ;  a  line  was 
measured  down  the  hill  on  the  right  of  420,  and  the  angle  of  decli- 
vity is  23°,  which  shortens  the  line  33  links ;  a  line  was  also  mea- 
snred  from  the  same  place  on  the  left  of  580,  and  the  angle  of 
declivity  is  20*,  which  shortens  that  line  for  plotting  34  Unks;  a 
line  was  measured  from  1280  on  the  right  of  420,  and  the  angle  of 
declivity  is  26*,  whitdi  shortens  that  line  44  links  ;  a  line  was  also 
measured  on  the  left  from  1280  of  660,  and  the  angle  of  declivity 
is  20°,  which  shortens  that  line  43  links ;  at  1800  a  line  was  mea- 
sured of  380  on  the  right,  and  the  angle  of  declivity  is  26',  which 
shortens  that  line  40  links  :  another  distance  of  540  on  the  left,  and 
the  angle  of  declivi^  is  16*  15*,  which  shortens  that  line  21  links : 
continued  the  line  to  the  far  nde  of  the  bill,  which  is  2360 ;  deduct 
1800,  there  renuuns  560,  and  the  angle  of  declivi^  is  1 1*  SC,  which 
shortens  that  line  11  links  for  plotting.  Note-~-The  black  line 
round  the  hill  is  the  horizontal,  and  the  dotted  line  is  the  surface 
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line  for  calculating  the  contents  of  the  hill.  It  must  be  observed, 
if  this  hill  had  stood  in  the  middle  of  a  plain,  and  no  allowance 
made  for  reducing  the  hypotenuse  to  a  horizontal  level,  it  would 
encroach  upon  the  plain,  and  make  it  too  little  bj  three  acres. 

Plate  Ylll.  is  a  plan  of  the  farm  of  Jamesfield^  the  boundaries  of 
which  lie  very  flat ;  but  there  are  four  enclosures  near  the  centre  of 
the  ground,  which  are  situate  upon  a  hill.  After  having  measured 
round  the  farm,  and  protracted  the  angles,  and  laid  off  the  dis- 
tances, they  answered  very  exact ;  but  in  protracting  the  angles, 
and  laying  off  the  distances  across  the  hill  from  station  1st  to  sta- 
tion 6th,  in  place  of  meeting  in  a  point,  the  distance  over-stretched 
as  far  as  *,  which  a  surveyor  calls  a  had  dosing.  A  line  was  then 
protracted  across  the  ground  from  station  4th  to  station  9th  over  the 
bin,  which  overlapped  station  9tii  as  far  as  the  mark  * ;  fi*om  which 
it  is  evident  the  surface  measure  over  the  hill  was  the  cause  of  the 
protracting  not  meeting.  The  ascents  and  descents  of  the  hill  were 
then  tried  to  find  out  these  errors. 

The  theodolite  was  planted  at  A,  and  set  level,  and  an  angle  of 
acclivity  taken  of  20*  40'  to  B,  and  the  distance  from  A  to  B,  which 
measured  548  ;  the  instrument  was  then  planted  at  C,  and  an  angle 
of  declivity  taken  of  19*  5S^  and  the  distance  from  C  to  D  mea- 
sured 575 ;  the  instrument  was  then  set  level  at  £,  and  an  angle  of 
acclivity  taken  of  23*  to  F,  and  the  distance  measured  from  E  to  F 
417 ;  the  tiieodolite  was  then  set  level  at  H,  and  an  angle  of  decli- 
vity taken  to  I  of  18%  and  the  distance  measured  to  I  465. 

By  the  table,  the  line  A  B  being  548,  and  the  angle  of  declivity 
20*  40*,  shows  that  the  line  must  be  shortened  6  links  and  a  half 
each  chain,  which  in  the  whole  is  35  links,  leaving  the  plotting  line 
only  508,  the  line  C  D  being  575,  and  the  angle  of  declivity  19'' 
55',  shows  by  the  table  that  6  links  must  be  shortened  per  chain, 
which  in  the  whole  is  35  links,  and  leaves  the  plotting  line 
but  540 ;  which  makes  a  difference  of  the  whole  length  from  star 
tionlst  to  station  6th  of  no  less  than  70  links.  The  line  E  F  being 
417  and  the  angle  of  acclivity  23*,  must  be  shortened  8  links  in  each 
chain,  in  the  whole  33  links,  and  leaves  only  384  for  plotting.  The 
line  H I  being  465,  and  tiie  angle  of  declivity  18*,  must  be  shortened 
5  links  in  each  chain,  in  the  whole  23  links,  and  leaves  but  442  links 
for  plotting ;  which  makes  a  difference  of  the  whole  length  in  crossing 
the  hill  from  station  4th  to  station  9th  of  no  less  than  56  links. 

After  having  made  the  above  allowances  in  plotting,  it  turned 
out  that  the  closing  came  very  near  the  truth.  But  the  surveyor, 
when  he  calculates  his  survey,  must  be  particularly  careful  to  cast 
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up  the  contents  by  the  surface  measure,  and  not  by  the  distance 
given  in  plotting  the  four  enclosures  on  the  hill,  but  must  make  his 
triangles  and  trapeziums  extend  to  the  dotted  line  abed  efff^h  when 
he  casts  up  the  contents  of  the  four  enclosures ;  and  he  must  ob- 
serve, when  he  calculates  the  surrounding  fields,  to  make  his  tri- 
angles  and  trapeziums  to  extend  to  the  plotted  line  or  hedge. 

This  plan  is  introduced  principally  to  show  the  bad  effects  of 
msLlnug  no  deduction  in  plotting,  as  the  four  enclosures  on  the  hill, 
and  each  of  the  adjoining  enclosures  in  the  valley,  would  have  been 
several  poles  too  little ;  which  points  out  the  necessity  of  making 
the  deduction  betwixt  the  hypotenuse  and  level  in  plotting  the 
survey  of  an  estate,  where  hills  or  rising  grounds  are  met  with ; 
otherwise  it  is  imposaible  that  the  angles  and  distances  will  meet, 
and  consequently  the  calculation  will  be  false. 

On  this  plan  I  have  only  inserted  the  length  of  each  line  in  going 
round  the  farm,  and  also  the  angle  that  each  bearing  makes  with 
the  meridian.  To  have  inserted  all  the  intermediate  distances  and 
ofiets  would  have  made  it  too  complicated,  and  not  answered  so 
well  the  purpose  intended.  The  plan*is  laid  down  from  a  scale  of 
four  chains  in  an  inch,  and  the  angles  laid  off  by  a  semicircular  pro- 
tractor, the' same  as  represented  on  Plate,  III.,  farm  of  Bonnyton. 

Having  hitherto  treated  of  taking  the  surveys  of  enclosed  lands, 
I  now  come  to  show  the  method  of  taking  the  survey  of  a  large 
unenclosed  farm  of  upwards  of  190  acres,  with  a  theodolite  divided 
into  twice  180  degrees. 

Pages  132, 133,  and  134,  contain  the  Field-hook  of  Greenside 
HiU  farms. 

Plate  IX.  is  the  grazing  farm  of  Greenside  HiUj  the  survey 
of  which  was  begun  at  A,  and  a  bearing  of  113^  30',  and  a  dis- 
tance measured  of  1080  to  B,  to  a  mark  at  Bed  river ;  returned  to 
A,  when  another  bearing  was  taken  of  92''  48',  and  a  distance  of 
2060  to  C.  '  In  measuring  these  lines,  several  offsets  were  taken 
to  the  north  brook,  which  were  entered  in  a  field-book,  and 
on  the  plan  also  where  those  offsets  were  taken,  which  are 
represented  by  dotted  lines,  as  well  as  the  bearings  from  one 
station  to  another,  there  not  being  sufBcient  room  upon  so 
small  a  scale  to  insert  upon  the  plan  all  these  short  distances, 
and  where  they  were  taken  at,  without  creating  confusion.  An 
eye-sketch  is  much  preferable  to  a  field-book  for  a  survey  of  this 
sort,  as  upon  it  a  land-surveyor  can  sketch  in  the  hills  upon  the 
spot,  and  can  also  make  his  sketches  so  large  as  to  allow  every 
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figure  to  be  legiblj  inserted*  The  theodoHte  was  planted  at  C, 
at  the  edge  of  a  morass,  and  a  bearing  inclining  a  little  to  the 
right  hand  of  the  last  line  A  C  of  94'',  and  a  distance  of  3800  to 
D ;  also  all  the  offsets  to  the  north  brook,  and  where  the  morasa 
was  left,  regularly  entered  in  the  field-book  in  measuring  the  line ; 
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the  instrament  was  again  taken  to  D,  and  a  bearing  on  the  left 
of  the  last  line  C  D  of  in"*  30,  and  a  distance  measured  of  2360 
to  E,  and  also  an  offset  of  60  at  1300 ;  the  theodolite  was  planted 
at  E,  and  a  bearing  of  153"*  30,  inclining  a  little  to  the  left  of  the 
last  line  D  E,  and  a  distance  measured  of  1400  to  F :  the  instru- 
ment was  then  planted  at  F,  and  a  bearing  inclining  a  little  to  the 
left  of  the  last  line  E  F  of  ISS""  48',  and  a  distance  of  1500 
measured  to  G ;  the  theodolite  was  then  placed  at  G,  and  a  bear- 
ing of  lOr""  30,  inclining  a  little  to  the  left  of  the  last  line  F  G, 
and  a  distance  measured  of  700  to  H,  also  all  the  offsets  to  the 
south  brook  or  bum ;  the  instrument  was  then  placed  at  H,  and 
a  bearing  at  a  very  acute  angle  on  the  left  of  the  last  line  G  H 
of  49*  30,  and  a  distance  measured  of  310  to  I ;  the  instrument 
was  then  planted  at  I,  and  a  bearing  of  97^  12'  on  the  right,  and 
a  distance  measured  of  1180  to  K,  and  also  all  the  offsets  to  the 
south  brook,  and  where  they  were  taken  at,  and  entered  in  the 
field-book ;  the  theodolite  was  taken  to  K,  and  a  bearing  of  72* 
40  inclining  to  the  left,  and  a  distance  of  510  measured  to  L ; 
the  instrument  was  then  planted  at  L,  and  a  bearing  of  85''  30, 
inclining  a  little  on  the  right  of  the  last  line  K  L,  and  a  distance 
measured  of  1720  to  M,  also  all  the  intermediate  distances  and 
offiiets  taken  to  the  south  brook  entered  in  the  field-book;  the 
instrument  was  then  placed  at  M,  and  a  bearing  of  24''  on  the  left 
down  the  river,  and  a  distance  measured  of  980  to  N,  and  all  the 
offsets  to  the  river,  and  where  they  were  taken  at,  and  entered  in 
the  field-book ;  the  instrument  was  planted  at  N,  and  a  bear- 
ing of  140''  30  taken  on  the  left,  and  a  distance  of  900  to  O;  the 
theodolite  was  carried  to  O,  and  a  bearing  of  62"*  30  sharp  on  the 
right,  and  a  distance  of  770  to  P ;  the  instrument  was  then  planted 
at  P,  and  a  bearing  of  US'"  on  the  left,  and  a  distance  of  725  to 
Q ;  the  theodolite  was  then  taken  to  Q,  and  a  bearing  on  the  right 
of  5"*,  and  went  dose  by  the  farm-house,  and  a  distance  of  380  to 
B;  Ihe  instrument  was  placed  at  B,  and  a  bearing  of  71.  on  the 
right  down  the  river,  and  a  distance  of  550  to  S ;  the  instru- 
ment was  planted  at  S,  and  a  bearing  of  156"*  on  the  left, 
and  a  distance  of  800  to  T ;  the  instrument  was  set  up  at  T,  and 
a  bearing  taken  down  the  river  of  267''  to  the  mark  that  was  left, 
and  the  distance  to  B  measures  625 ;  which  makes  a  dose.  All 
the  distances  and  intermediate  distances,  with  the  offisets,  were  all 
regularly  inserted  in  the  field-book  from  M  to  B  to  the  river, 
which  the  pupil  is  referred  to.  Betumed  to  the  mark  near  the 
houses  at  Q,  where  the  theodolite  was  planted,  and  the  index  and 


136  SURVEYING  WITH  THE  THEODOLITE. 

the  limb  was  set  to  115"*,  which  is  the  same  bearing  as  before,  and 
a  back  sight  was  taken  to  P,  and  bearing  of  92''  3(y,  and  a  distance 
of  2580  to  U,  and  also  the  intermediate  distances  and  offsets,  and 
where  the  line  crossed  the  brook,  were  entered  in  the  field-book ; 
a  bearing  was  then  taken  from  U  on  the  left  of  49"  40',  and  a  dis- 
tance of  720  to  y ;  a  bearing  was  taken  on  the  right  from  Y  of 
91*'  6',  and  a  distance  of  740  to  W ;  a  bearing  was  then  taken  from 
W  to  F  of  SS'^  30',  and  a  distance  of  1540  up  the  small  branch  of 
the  brook ;  which  made  another  close  at  F.  Returned  again  to 
the  mark  at  W,  where  a  bearing  was  taken  up  the  mid  brook  of 
137""  40',  and  a  distance  of  1370  to  X ;  from  X  a  bearing  was 
taken,  inclining  a  little  to  the  right,  of  141''  to  D,  and  a  distance  of 
2150 ;  which  makes  another  clomng  at  D.  Betumed  to  U,  where 
a  bearing  was  taken  up  a  sike  or  small  run  of  water  of  140^*,  and 
a  distance  of  1620  to  Y,  where  a  bearing  was  taken  of  62''  along 
the  side  of  the  morass,  and  a  distance  measured  of  1500  to  C ; 
which  makes  another  joining.  Then  returned  to  the  mark  at  V, 
and  placed  poles  on  the  line  from  Y  to  I ;  as  the  pole  placed  in  I 
could  not  be  seen  from  Y,  a  bearing  was  taken  from  Y  of  2>*  38'  to 
a  pole  placed  in  the  same  line  with  I,  and  a  distance  measured 
along  die  side  of  the  dry  ground  and  the  moss  of  2060  to  I,  but 
is  obliged  to  allow  60  links  for  the  rise  of  the  hill,  which  makes 
another  closing.  It  is  to  be  observed,  wherever  a  bearing  is  men- 
tioned to  be  taken,  that  the  theodolite  is  exactly  placed  over  the 
marks  where  the  poles  were  placed,  and  a  back  sight  taken  to  the 
station  it  was  last  set  up  at. 

After  a  careful  perusal  of  what  has  been  already  said,  it  is  hoped 
the  pupil  will  find  no  difficulty  in  plotting  Greenside  Hill  farm, 
with  a  theodolite  divided  into  twice  180".  To  cast  up  the  contents, 
the  plan  should  be  laid  down  upon  a  large  scale,  and  the  quantity 
of  heath,  moss,  morass,  wet  and  dry  pasture,  calculated  separately, 
and  the  quantity  of  ground  contained  in  each  inserted  on  the  plan 
by  some  of  the  methods,  as  will  be  particularly  described  in  the 
next  Section.* 

*  Thero  are  many  land-measuren  who  prefer  taking  angles  or  bearings  'with  a  theo- 
dolite, and  measuring  round  the  boundary  of  a  farm,  although  it  should  be  three  or 
four  miles  in  circuit,  and  are  very  particular  in  marking,  either  in  a  field-book  or  on 
an  eye-sketch,  eveiy  thing  remarkable  near  to  the  boundary  as  they  measure  along, 
leaving  marks  on  the  ground  where  they  cross  fences,  brooks,  roads,  and  also  where 
they  ascend  or  descend  a  hiU,  to  make  an  allowance  to  bring  the  acclivity  or  declivity 
to  the  horizontal  distance  for  plotting,  as  described  in  page  88 ;  and  they  are  also 
very  particular  in  digging  a  hole  with  a  spade,  or  driving  in  a  stake,  at  each  station 
the  instrument  was  planted  at,  till  such  time  as  they  have  gone  all  round  and  made  a 
cIo^^}.    When  this  is  done,  they  protract  the  bearings  or  angles,  and  lay  off  the  dis- 


SURYETING  BT  TRAVEBSINQ.  137 


SURVEYING   BY  TRAVERSING. 

In  a  fonner  part  of  this  work,  the  method  of  survejing  with  the 
circamferenter  has  been  exphiined,  and  its  use,  as  generallj 
employed,  fiillj  illustrated.  Of  late  years,  the  prismatic  compass 
has  been  mndi  employed  in  filling  up  the  interior  of  surveys  of 
moderate  dimensions.  It  generally  reads  to  single  degrees,  and 
fractions  may  be  estimated  to  30'  or  20'.  When  made  of  a  some- 
what large  size,  the  card  may  be  divided  to  30'  or  20',  and,  by 
estimation,  to  smaller  quantities ;  but  these  are  sufficient  for  any 
purpose  to  which  such  an  instrument  can  be  applied. 

The  bearings  being  taken,  and  distances  measured  round  a 
moderate  space,  affords  the  means  of  plotting  it  in  the  usual  manner, 
from  which,  by  the  plotting  scale  employed,  the  area  may  be 
readily  obtained  with  sufficient  accuracy  for  most  purposes,  espe- 
cially in  the  colonies  and  in  uncleared  countries. 

Instead  of  plotting  it  by  the  protractor  and  plane  scale,  as  in 
general  practice,  Mr  John  Gale  proposed  an  improved  method  of 
plotting,  by  employing  a  traverse-table  which  he  had  computed 
expressly  for  this  purpose,  and  published  as  an  appendix  to  Adams' 
Oeometrical  and  Chraphical  Essays j  in  1791.  The  same 
method  is  solely  employed  in  a  treatise  by  Mr  Gummere,  on  sur- 
veying, of  which  tiie  second  edition  was  published  at  Philadelphia 
in  America,  in  1817. 

Mr  Gale's  traverse-table  extends  from  1  to  100  of  distance  for  every 
degree  and  15  minutes  of  the  quadrant,  and  the  results  are  carried 
to  three  places  of  decimals.  Mr  Gummere's  table  is  carried  to  two 
places,  and  is,  in  fact,  the  same  as  that  in  Bobertson's  Navigation. 

A  traverse-table  may  be  found  in  all  books  of  navigation,  to 
every  point  and  quarter-point  of  the  compass,  as  well  as  to  every 
degree — generally  carried  to  300  or  400  of  distance,  and  one  place 
of  decimals.     The  most  extensive  table,  however,  hitherto  pub- 

tanoee  from  any  scale  they  choose  to  adopt  If  no  error  is  made,  the  angles  and 
dintanoee  will  meet  in  a  point,  if  great  care  and  attention  is  taken.  Afterwards 
they  go  to  the  field,  and  measure  and  finish  all  the  other  lines  with  the  chain  alone, 
in  the  same  manner  as  described  in  the  survey'  of  Langlee,  page  24.  Those  that 
practise  this  method  of  surveying  are  very  partial  to  it,  as  it  sayes  the  inconvenience 
of  canying  the  theodolite  to  the  field,  unless  they  meet  with  particular  parts  of  the 
fieurm  where  angles  are  required  to  be  taken,  which  they  can  perform  quicker  than 
measuring  with  the  chain  alone,  it  being  every  surveyor's  chief  aim  to  be  as  expe- 
ditious and  accurate  as  possible,  which  can  only  be  attained  by  attention  and 
practice. 
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liflhed  is  that  of  Mr  WiUiaip  Grarrard,  which  is  carried  to  every  ten 
minutes  of  the  quadrant,  with  distances  extending  to  300,  and  the 
results  carried  to  two  places  of  decimals.  The  last  which  we  have 
seen  is  that  of  Captain  Boileau  of  the  Bengal  Eng^eers,  expressly 
calculated  for  surveying  on  Mr  Gale's  plan,  and  published  in  1839. 
The  angles  are  carried  to  every  mngU  minute  of  the  quadrant,  but 
the  distances  to  10  only,  which,  by  shifting  the  decimal  point  and 
successive  additions,  may  be  employed  for  all  purposes  where  the 
angles  are  carried  to  a  minute  only,  the  maximum  accuracy  in 
ordinary  surveying.  Mr  J.  Y.  Massaloup's  table  in  German, 
published  at  L^psic  in  1847,  may  also  be  used  for  this  purpose. 
By  the  drcumferenter  and  prismatic  compass,  the  accuracy  of  the 
result  depends  entirely  upon  that  of  the  needle.  Captain  Boileau, 
however,  recommends  both  exterior  and  interior  angles  at  each 
station  to  be  measured,  showing  the  accuracy  at  each  step  by  the 
sum  of  both  making  360'',  if  the  measures  be  correct.  This 
occupies  much  time,  however,  and  cannot  be  followed  by  the 
ordinary  surveyor,  on  account  of  both  time  and  expense.  As  far  as 
I  know,  it  has  not  occurred  to  any  that  the  same  method  of 
plotting  and  computation  may  be  followed  by  the  usual  method  of 
traversing,  as  explained  in  the  survey  of  Bonnyton,  page  102. 

To  introduce  this  method,  I  shall  begin  with  Mr  Gale's  example, 
p.  290  of  Adams'  Oeometrical  and  Oraphical  EeaaySj  published 
by  W.  Jones  in  1803,*  but  with  bearings  as  read  from  the  card 
of  the  prismatic  compass  reading  up  to  360^,  as  that  instrument 
has  nearly  superseded  the  circumferenter.   - 


FIELD-BOOK. 

BSOimnNO   AT  THB  BOnOH  or  THB  PAQX  AND   RBADUTQ    UFWABDfl^  AS  18  MOW 

OENEBAL  FRACnCB. 


Offiwta. 

Bearingaand 
DlitanoM. 

Oibeta. 

1 

2100 

' 

H.  DuuiiAii^a  Undi 

65 

10 

40 

0 

1560 

845 

360 

N.  858*  O'  E. 

©1 

1 
1 

COMJUBMCBMBMT. 

*  This  example  has  been  republished  in  books  of  practical   mathematioB^  and 
the  method  repropoeed  in  some  societies  as  new,  very  lately. 
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F I E  L  D-B  O  O  K— condwieci. 


I 


- 

Oficli. 

BtarlofiaDd 
Dtotaooes. 

Oflteli. 

OloMS  at  Iflt 
Station, 

or. 

1 

1 

©1 

917 

0 

W.  Hiimp]iNj*k  lands 

0 

410 
N.  2S2»0'  E. 

60 
0 

To  boimdaiy  of  tlie  field 

• 

©7 

1240 

0 

0 

760 

320 

N.  73-  46'  E. 

126 

30 

0 

To  boondaiy  of  the  field 

• 
A  conior        •        •        • 

©6 

0 

1400 

C.  Wwd'k  Unds 
to  the  above  ooner 

136 

68 

0 

760 
66 
N.  176"  46^  B. 

0 

©  s 

96 

uoo 

To  a  comar 

40 
0 

800 
N.  220*0' E. 

0 

• 
A  comer 

O  4 

0 

1440 

0 

0 

740 
N.117"30'E. 

90 
0 

A  comer 

©  3 

0 

1820 

0 

W.  Higgins'  lands 

0 

610 
N.  66»  16'  E. 

60 
0 

To  boondaiy  of  the  field 

©  2 

oomrmnATioir. 

Proper  tables  of  northing^  southing,  easting,  and  westing,  by 
navigators,  called  traverse-tables,  being,  from  the  enumeration 
formerly  given,  accessible  to  all,  the  plan,  by  their  means,  may  be 
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easily  conBtnicted,  and  the.  area  readllj  determined  with  accuracy 
and  expedition  by  the  following — 

THEOREM. 

If  the*sum  of  each  adjacent  pair  of  distances,  perpendicular  to  the 
meridian,  true  or  magnetic,  assumed  without  the  survey,  be  multi- 
plied by  the  meridian  distance  between 
them,  in  succession  round  the  figure  in 
the  same  order,  the  difierence  between  the 
north  products  and  the  south  products  will 
be  double  the  area  of  the  survey. 

The  truth  of  this  follows  from  the  tra- 
pezoidal space  O  1,  a,  i,  O  2,  being  equal 
to  half  the  product  of  {  O  1  o  -»■  0  2  i) 
X  a  i ;  that  of  O  2,  i,  o,  O  3  being  half 
the  product  of(0  2i+03c)xJc; 
that  of  c,  O  3,  O  4,  d^  being  equal  to  half 
the  product  of  ( c  O  3  x  rfO  4)  x  c<Z,  that 
of  ^,  O  4,  O  5,  e,  equal  to  half  the  pro- 
duct {d  O  4  +  C05)  xrfc,  that  of  e, 
&  5,  O  6,yj  equal  to  half  the  product  of  g 
(e  O  5  +/0  6)  X  e/,  that  of  O  6J^ff^  O  7, 

equal  to  half  the  product  of  (  O  6/+  0  7ff)  ^fg^  and,  finally,  that 
of  ^,  O  7,  O  1,  a  is  equal  to  half  the  product  oi  (g  07+aOl) 
X  a^,  from  the  principles  of  elementary  geometry  and  mensuration. 
Hence,  the  difference  of  these  is  the  area — that  is,  from  the  space  0 1, 
a,  c,  O  3,  O  4,  O  5,  O  6,  0  7,  O  1,  subtract  the  space  0  1,  a,  c, 
0  3,  0  2,  0  1,  the  remainder  will  be  the  area  0  1,  0  2,  0  3,  0  4, 
0  5,  0  6,  0  7,  0  1,  or  that  of  the  figure  required.  It  is  likewise 
more  easy  to  put  down  the  double  areas,  and  then,  once  for  all, 
taking  half  their  difference  for  the  area.  The  area  of  the  offsets  are 
computed  in  the  usual  manner,  as  previously  shown.  In  addition  to 
these,  the  offsets  must  be  computed  and  applied  in  the  usual  manner. 

In  general,  the  card  of  the  prismatic  compass  is  divided  into  360^ 
from  the  north,  eastward  round  the  whole  circle,  and  this  is  the  case 
with  the  theodolite-compass,  and  the  reading  of  the  leading  vernier 
of  those  instruments  which  have  more  than  one. 

Hence,  to  get  the  bearing  from  the  meridian,  the  following  ruU 
must  be  observed : — 

1.  Between  O^  and  dO<*,  or  in  the  N.E.  qtuidrani,  no  eltention  is  required. 

2.  ...      90o  and  18(K>,  or  in  the  S.E.  quadrant,  subtract  the  arc  read  from  180°. 
X      ...     IBOo  and  270<»,  or  in  the  S.  W.  quadrant,  substraet  ISQo  from  the  arc  read. 
4.       ...     270»  and  360o,  or  in  the  N.W.  quadrant,  subtract  the  arc  read  from  360«. 
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These  results  are  to  be  accounted  the  courses  to  be  found  in  the 
traverse-table,  which,  with  the  measured  distances,  will  give  the 
northings  and  sonthings,  the  eastings  and  westings,  called  by 
navigators  the  differences  of  latitude  and  departure,  to  be  placed 
in  a  table  formed  for  the  purpose. 


Na 

Comss^ 

Olstenfis. 

DifrOTsnosofLstttndsL 

Dsfwitnrs. 

N. 

8. 

E. 

W. 

I 
2 
3 
4 
5 
6 
7 

N.    T    V  W. 
N.  55  15    E. 
8.   62  30    E. 
8.  40     0    W. 
8.     4  15    E. 
N.  73  45    W. 
8.   52     0   W. 

Links. 
2100 
1820 
1440 
1100 
1400 
1240 
917 

.        •        ■ 

Links. 
2084 
1037 

347 

Links. 

665 

843 

1396 

564 

* 

Links. 

1495 
1277 

104 

Links. 
256 

707 

1190 
723 

3468 

3468 

2876 

2876 

Rssiitts  for  Ptotfclng. 

Results  for  Area. 

No. 

Msridisn 
DistanosB. 

Dopsrture 
Dislsnoas. 

Distanoss  fhim 
the  aannned 
meridian  In 
aurv^.  • 

E.aoa 

Sams  of  pain 

ofdistenoes 

from  the 

meridian. 

North 
Prodaets. 

Soath 
Prodoots. 

1 
2 
3 
4 
5 
6 
7 

Links. 
N.  2084 
N.  3121 
N.  2456 
N.  1613 
N.    217 
N.    564 
0 

Links. 
W.     266 
E.    1239 
E.    2516 
E.    1809 
E.    1913 
E.      723 
0 

E.       44 

1539 
2816 
2109 
2213 
1023 
300 

LInka 
344 
1583 
4355 
4925 
4322 
3286 
1323 

Bqosre  links. 
716,896 

1,641,571 
1,122,892 

2,896,075 
4,151,775 
6,033,512 

746,172 

Doable  aieM, 

.       3,481,359 

Diiference,   . 
Offsets,  8ab1»ct, 

Dooble  are»=  Diffeicnce, 

Ai«a;»Half, 

Aieo,   •        .        .        . 

Or,       .... 

13,827,534 
3,481,359 

10,346,175 
13,695 

No. 

1 
2 
3 
4 
5 
6 

7 
8 
9 

OflMs— Doable  Aims. 

+ 
14,400 
24,250 
53»625 
35,100 
32,000 
40,500 

4,488 

132,012 

81,250 

109,200 

'     129,600 

9,600 

66,650 

61,250 

55,020 

10,332,480 

5,166,240 

AOBB. 

51-66240 

A.    O.        P. 

51  2  25*984 

Swiit    ~— 
Differenoe, 

417,625 
431,320 

431,820 

18,695 

1 

This  example  is  sufficient  to  show  the  application  of  Schmalcalder's 
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prismatic  compass  to  this  method  of  sarvejing.  That  of  traversing 
by  the  theodolite  can  be  finished  in  the  same  manner  as  will  now 
be  exemplified, — 

Edinbuboh^  JwMUsry  20, 1844. 
FIELD-BOOK  OF  THE  WESTERN  DIVISION  OF  THE  MEADOWS, 

anBYETED  WITH  A  THEODOLITE  DIYIDBD  INTO  TWICE  180*, 

Bt  WILLIAM  GALBRAITH. 


I 

OflMs. 

B— tlngi  and  DUtftBOW. 

OfkeU. 

TlModolite. 

OompMi. 

10 

64 
22 
21 
20 

ia86 

920 
900 
80 
10r»46' 

0« 

N.108o20'B. 

26 

4 

31 

Bntiy  at  MerdiAnt            ^ 
Maktan  Hofpttal              ^ 

1        30 

Wall                    02-38-1- 
ConierofWall 

To  traas        ■       •       >       • 
Bnd  of  Maadow  Placa  wall 
Meadow  Plaee 
Mr  aandenon'thoia 
.  To  waU                .       . 

28 
48 

8sa 

460 
40 
19''  38' 

Os 

N.  19'40'E. 

16 
34 

83 

84 
12 

608 

612 

200 

I29»29 

041 

N.30|ir>30'R 

8 
SO 

2 
84 

«aa 

160 
138<>63' 

0S 

N.318»46'E. 

36 

4 

12 
84 
63 
45 
34 

18941 

920 
630 
800 
100 
a  129*  21' W. 

0a 

N.309*20'B. 

27 

34 
23 
14 

26 

To  railing 
To  {ailing 

Eaatraad 

02 

8 
26 

U76 

1470 
100 
S.  27"»  20^  W. 

01 

N.20r2O'B. 

36 
19 

Braadth  of  planla- 
tiOD  on  the  wait 
•Ide    of  Middle 

) 

Walk»  66  Hnki. 

Eaatroad     .... 

Weetroad 

couunncMum 

jrr. 
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FIELD-BOOK  OF  THE  WESTERN  DIVISION  OF  THE  MEADOWS—^ohc^imM. 


Retnra  to  tlfttioo  llnl 

0^ 

»-,...--»-«-. 

OflMti. 

/Thai  dMcldog 
\    tsaetly 

ThMdoHle. 

OompaH. 

S7»80' 
01 

N.  317-  30' 

33 

saa 

450 

OS 

N.133»16'E. 

10 

86 

U88 

1150 
108»98' 

07 

N.100«16'E. 

11 

CONTINUATION. 

WESTERN  DIVISION  OF  THE  MEADOWS. 

COKPUTATIOir  07  THB  AREA.  BT  BOILIAn's  TABLE  TOB  TBAYBBflnffa 


Ho. 

Ooosw. 

DlitaiiM. 

IHflbNBMorLiitlfead*. 

Dapwtora. 

N. 

8. 

E. 

W. 

1 

a 

8 

4 
5 
6 
7 
8 

s.arso'w. 

N.60  90  w. 
N.  41     7  W. 
N.50  31  W. 
N. 10  98  B. 
8.  73  16  E. 
8.  71  S3  B. 
a  57  63  B. 

Llnkt. 

1576 

1804 

463 

006 

668 

1856 

1183 

688 

TJnks. 
130000 
341-88 
3R4'60 
530-85 

Unln. 
1400-03 

383-00 
377-08 
880-84 

T4nka. 

186*81 
1106-80 
1130-00 

447*13 

Lisln. 
723-63 
1464<61 
397*80 
466*05 

Enron  in  8  Mm,    . 

„     in  1  lido,     . 

+  8.,— N.,    0*74  . 

•8447*73 
8441*75 

3441-76 

806018 

8068-08 
8050*13 

M7 
8.  •^  0744 

N.— 

3*06 

OOKEMCXm  ILSftULTft. 

8 

&3?'30'W. 
N.  50  90  W. 
N.41     7W. 
N.50  31  W. 
N.  10  98  B. 
&  73  16  B. 
a  71  83  B. 
8.  67  63  B. 

1576 

1804 

468 

606 

669 

1356 

U83 

638 

180015 
840  64 
88304 
580*11 

14il)0-78 

383-64 
378-78 
881-50 

186-18 
1106-67 
1121-36 

447-40 

733*36 

1464-24 

807*58 

4M-68 

3444-74 

3444*74 

8851-60 

8061-60 

144 


SURVEYINa  BY  TRAVERSING. 


PBIPAIUTORT  PBOOBB  fob  OALOniATDia  THB  AbEA  kSD  PBOTRAOTUia  THB  PlaN  ON 

Mb  Qalb's  MiTfiOD,  thb  wobking  MAOKEno  Mbbidiak  PAflsnra  through  the 
FnBT  Station. 


Difllmnoe, 
DyhnoM, 
Bam, 
Sum, 

DiillHWioe, 

1400-78 
1900-15 

S. 

N. 

8. 
N. 

N. 
N. 

N. 
N. 

N. 

& 

N. 

S. 

N. 

Sum, 
Sum, 
8am, 
Difliuwioe, 
Diflhnnoe, 
.    DilteiDW, 

793-96 
1464-94 

W. 
W. 

"w. 

W. 

W. 
W. 

"w. 

w. 
w. 

B. 

"w. 

B. 

900-63 

840*54 

9187-60 
987*69 

180^1 
888-04 

9486-09 
406*58 

683-86 
690-11 

9851*60 
186-18 

1043-96 
883<64 

9765-49 
1106*57 

660-32 
87878 

1568*85 

1191-86 

881*60 
981-60 

447*40 
447-40 

MSKI 

DiffereDM, 
DiltevDee, 

Sam, 

DUBV  DM, 

DUteiom, 
DUfiK«no0, 
Dlfferance, 

DIAH  PA« 

Unki. 

OHM 
1400-78 

inro 

S. 

8. 
8. 

8. 

S. 

N. 

N. 

N. 
N. 

N. 

N. 
N. 

N. 

N. 
N. 

N. 

N. 

N. 

"n. 
"n. 

N. 

niRotfo] 

•                • 

X  Smn, 

• 

• 

• 

X  Sam, 

• 

X  8am, 

• 

XSom, 

• 
• 

X  8am, 

• 

X  8am, 

• 
• 

XSam, 

.  Ol 

Unki. 

OHM) 
793*96 

DOUBLB  AmSAB. 

SquMW  Unki.                Sqaar*  Link*. 
W.                   +                                — 
W 1018198*1498 

140078 
900-63 

—       793*98 
9187-60 

W. 

W.         8408348*6140 

W. 

W. 

W.         1501170-0608 

W. 
W. 

W.         9Q87S36'8888 

W. 
W. 

W.         9073470*9799 

W. 
W. 

W lAllt7QI>-949»l 

1900-15 

•1-     901076 

900-63 

iao-91 

9187-60 
*     9485-09 

840-54 

+     4679-69 

130-01 
683-85 

9485-09 
9851-60 

88804 

■¥     5436*69 

693*86 
1043-06 

9061-60 
9766-49 

69011 

en7*«9 

1048*06 
660-89 

9766-49 
1668-86 

383'64 

,—     4334*97 

"w. 

W. 
W.       . 

"w. 

• 

763648*4489 

• 

.       .       .             1960067061 

660-39 
981*60 

1668*86 
447*48 

378-73 

,—     9016*34 

981*60 
0*00 

447-40 
0*00 

981*60 

—      447*48 

101468437906            8566684-6490 
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Sum  of  additive  doabU  atcm  in  iquart  linki, 

Sum  of  mbtnctiTo  arest,      .... 

10145344 
S565686 

Double  area  within  tho  liBw, 

Double  area  of  oiEMto,           «... 

6579759 
461368 

Double  area  within  the  boundaiy,    . 
Area  of  the  field  in  iqiiara  linki. 
Dividing  by  100000,  and  the  area  wiU  be 

611R396 
3059198 
30-59198 

•       •            •  1 

Or  30  acres  2  roods  and  15  poles  nearly,  in  imperial  measure, 
because  the  chain  used  was  an  imperial  chain. 

In  actual  practice,  the  sum  of  the  northings  and  southings  will 
seldom  agree  exactly,  nor  will  the  sum  of  the  eastings  and  westings. 
Here  the  discordance  has  been  merely  divided  by  the  number  of 
courses,  but  it  would  have  been  more  accurate  if  the  discordance 
had  been  divided  by  the  sum  of  the  measured  distances,  then  multi:- 
plying  the  quotient,  carried  to  four  or  five  places  of  decimab  by 
each  distance,  to  obtain  its  correction.  With  these  corrected  dis- 
tances, the  difference  of  latitude  and  departure  must  be  again 
determined,  when,  as  above,  the  results  will  agree,  and  in  general 
be  more  accurate.  It  is,  however,  hardly  necessary  to  take  such 
great  trouble,  •  since  much  depends  upon  the  accuracy  of  the 
measured  angles  as  well  as  the  distances.  This  consideration  is  an 
inducement,  not  ill  founded,  to  adopt  the  more  simple  method, 
especially  since  traversing  by  the  theodolite  is  much  superior 
to  any  circumferentor,  where  the  sole  dependence  is  on  the  needle. 

For  proof  of  this,  see  the  discordances  between  the  needle  and  the 
limb  at  our  stations,  6 
and  7  in  the  preceding 
field-book. 

This  survey  may  be 
plotted  by  the  protractor 
in  the  usual  manner,  as 
was  done  in  the  farm  of 
Bonnytoun,  when  sur- 
veying by  what  is  tech- 
nically called  the  back 
angle.  This,  for  the 
sake  of  example,  will 
be  plotted  by  means  of 
the  traverse-table. 

First  draw  the  line  8 

M.  N.  S.,  signifying  the 
magnetic  meridian.     1.  Let  a  be  the  first  station  upon  the  meridian 

K 
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in  this  case.  From  a  lay  oflF  the  first  southing,  1400'78  to  t',  at 
right  angles  to  which  draw  i  6,  equal  to  723'26,  the  first  westing, 
and  join  a  b^  the  first  side  of  the  field. 

2.  AffunlBYoffaA;  equal  to  200*63  S.  andibc  2187*50  W. 
al  equal  to  139-91  N.  and/ rf  2485*02  W. 
a  m  equal  to  523*85  N.  and  m  e  2951*60  W. 
an  equal  to  1043*96 N.  and  »/ 2765*42  W. 
ao  equal  to  660-32  N.  and  oa  1568*85  W. 
a/>  equal  to  281*59  N.  and ^  A    447*49  W. 


Now  join  (2  J,  J  c,  c  £?,  de^  ef^  fg^  gh^  ha^  and  the  course  of 
the  chain  will  lead  down  from  the  traverse-table  with  all  desirable 
accuracy.  For  practice,  and  a  comparison  of  the  two  methods,  let 
this  be  protracted  by  the  angles,  and  the  interior  space  obtained  by 
dividing  it  into  triangles,  by  the  method  usually  employed  by 
land-surveyors.     See  Plate  X. 

The  latter  method  is  the  more  easy,  but  less  accurate,  though 
sufficient,  with  due  care,  for  most  practical  purposes. 


Edinburgh,  December  2, 1843. 


SURVEY   OF   BRUNTSFIELD    LINKS. 


1 

Bcaringi  and  DMaaoM. 

Oflktto. 

Oflbeta. 

Theodolite. 

Oooipui- 

13 

1524 

1 

1 
I 

188 
63 
36 
29 

1110 
1014 

827 

600 
N.  277"  8'  E. 

O  8 

N.  277F  E. 

' 

38 

1118 

1 

10 
7 

800 
700 
373 
246 
N.  290»  32'  E. 

EleraaoQ  of  ground,  1*>  30* 

■ 

4 
66 
53 

N.  290J'  E. 

oa 

13 

ao6 

To  wall 

9 

N.  220- E. 

N.  280"  E. 

Oi 

MeiKiow  Place  wall 

COMIIKIVCXMSNT. 

1 
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BKUNTSFIELD    LI  UK  S-coutinutd. 


Oaartog*  Mid  IMataiMM. 

1 

Oflhati. 

1 

TlMOdOttt*. 

OompaM. 

ChMk. 

N.  230°  4'  E. 
Retura  to 

N.  290>  B.    i 

1 

0 

Ox 

1 

1 

«74 

1 

Jf.lW^WE. 

N.  121«  E.    , 

73 

0   lO 

1 

( 

ISIS 

65 

123 

73 

840 
675 
30 
N.  131"  Sy  E. 

N.  132°  E. 

Towmll,           .... 

O9 

60 

73S 

Tohooae 

To  road,           .... 

330 

79 

N.  88^  63'  E. 

N.  89<>E. 

ao67 

To  hooM,         .... 
To  roMly           .... 

179         0 

I        I  1000  To  waU, 
1                 To  road. 

S6 
190 

0 
18 

0 
SO 

1580 
1500 
1000 

880 

200 
N.80°31'E. 

N.  60|»  B. 

1  "i  57      •» 

74      SD 

O7 

31 

14B8 

130 
193 
200 
168 
30 

1200 

900 

700 

400 

48 

N.  313«  8f  E. 

N.  31S|<'  E. 

Oe 

15 

loas 

18 
83 

700 
274 
N.  183°  46'  E. 

N.  184^  B. 

1 
1 

9sa 

1 

8 

N.234«16'E. 

N.  284^0  B. 

{ 


67  linka  breadth  of  road  to 
Bruntafldd  Llnlu 


COlfTINUATIOM. 
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SUBYETING  BT  TRAYEBSING. 


BRUNTSFIELD    L I N K S— ^on^uHfed 


DUUm. 

MOTLMlttodB. 

D-P-t.... 

v«. 

o.««. 

DtataoMta 
ImpKtalBnka. 

N. 

& 

B. 

W. 

B.  40»  O'W. 

906 

167-6 

1 

139*4 

N.  60  2S  W. 

1118 

389*3 

1030*6 

N.  83  fia  W. 

1624 

189-3 

1612-9 

8.  54  16  W. 

868 

900-1 

990-6 

ft.    3  46  W. 

10S8 

1095*8 

67*6 

N.  46  68  W. 

1458 

906-8 

106S-0 

X.60S1    B. 

9067 

1017*3 

1709*3 

N.88  63    B. 

736 

16-9 

734-0 

6.  48  18    B. 

1618 

1001-9 

1130-3 

10 

&  80  16    B. 

474 

949-4 

407*4 

9607-0 

9636*3 

4071-0 

4106-1 

1     ^^ 

9607*9 

4071-0 

98*4 

84-9 

^^"'^ 

9*84 
1664) 

■           • 

9-49 
129i> 

399*1 

1086*1 

192*9 

906*9 
1033-<r 

1506-8 

987-9 

64*1 

909-6 

1060*4 

1090*9 

1809-7 

18-0 

996*4 

738-3 
1133*8 

10 

939*6 

410-8 

9692-1 

9629*1 

4066*6 

4066-6 

166-0 

X   129-0 

▲imlaSqaanUala. 

— 

+ 

1905 

302-1 

X  1394-1 

• 

•        •        •        • 

•            • 

607417 

199-3 

X  3830-0 

a             • 

•        ■        •        • 

•            • 

737856 

906-9 

X5<{36-0 

1161937 

1093-0 

X  5066-3 

6123985 

900-6 

X  7110-8 

•            • 

«        •        •        « 

•            • 

7107956 

1090-9 

X  6368-5 

•             • 

•        •         •        • 

•            • 

6497145 

18-0 

X  3827-5 

•             • 

•        •         •        • 

■            • 

68896 

908-4 

X  1955*4 

1962271 

10 

410-8 

X    839-6 

96387 

9356575 

14919269 

OflBNlSt  ■ 

•        • 

i 

■            • 

45000 

•           • 

1837196 

9409176 

•*•  16956466 

1 

1 

\ 

— 

■  9402176 

2 

6864990 

3497145  S.L. 

ACTM  84.87146 

34a.  In.  3-432  p. 

8URVBYINO  BY  TBAVEBSING. 
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JwMMiry  21, 1848. 
LOCHEND    FIELD-BOOK. 

BUBYXT  or  THE  LOCH  AS  IIB  WATBB8  STOOD  OK  TBAT  DAT. 


mdoT 


710.  « 


n»  \m 


0  6 


8 

IS 
82 
84 


0 

8 

S4 

7S 


40 

90 

0 


80 

88 
00 
60 


50 

10 
62 
66 

0 


19 
5 


90 


400 
900 
150 
N.  85"  17'  E. 

©7 


1000 
046 
400 
240 
160 
N.  lff»  19*  B. 


06 


900 

720 
600 
800 
N.16S*84'E. 

Os 


49S 

400 
860 
N.  164«  88'  E 

04 


6641 

616 

460 

890 

80 

N.990*>98'R 

Oa 


S60 

400 
N.  9480  27' E. 

Oa 


a«7 

220 
60 
K.876*2rB. 


01 


H.«g.  (•■• 


a 


OOMMSlTCSMBirT. 


^mt 
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SURVEYING  BY  TRAVERSING. 


LOCH  END    FIELD-BOOK— conltn«€d. 


Ottcta. 


BMurlngt  and 
DliUncM. 


Cbaek 

Angle. 


N.  27«"  25' 
Glonat 

O  X 


1.30 

N.  IS"  24'  E. 

O  la 


90 

N.  344<*  (/  E. 

O  U 


N.  532*  IS'  B. 
O    XO 


■  •    •    • 


X40 

N.  80<*SO'  E 

O  9 


N.  6l«  24'  E. 


O 


COMTINUATIOlff. 


CALCULATION  FOB  PLOTTUTO  AND  AREA. 


DUhNDM  of  LMUodA. 

Dapartort. 

No. 

Coaiw. 

DMaiiM. 

ft 

w. 

B. 

X. 

W. 

LInlu. 

Llnka. 

Unks. 

UnkB. 

Link*. 

1 

N.sysyw. 

867 

40-50 

364-75 

2 

8.  68  27  W. 

660 

260-31 

600*94 

S 

8.  40  28  W. 

664 

60616 

430-94 

4 

8.  15  22    E. 

406 

480-19 

131-97 

6 

8.  28  S6    E. 

900 

804-74 

402-96 

6 

N.  16  12    E. 

1164 

110817 

321-96 

7 

N.  36  17    E 

444 

362-44 

256-46 

8 

N.  61  24   E. 

168 

104-81 

131-29 

9 

N.    8  60   B. 

140 

22-30 

138-21 

10 

N.  27  47  W. 

218 

192-87 

101-61 

11 

N.  16    OW. 

00 

86-51 

24*81 

12 

N.  13  24   B. 

130 

126-46 

90*12 

2044-15 

2040-40 

1418-00 

14SS<06 

2040-90 

1413-01 

12)3-26 

12)10*04 

0-27 

0*84 

SURVEYING  BY  TBAVERSING. 
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L  0  C  H  E  N  D— continued. 


CALG 

ULATIOI 

I  FOB  PLOTTIWO  AlO 

J  AREA. 

1 

No. 

V.       !        B. 

K. 

W.                    Mertdtan. 

1 

PvrpendUHiIsr. 

Samt. 

Ahuiu 

■d  Meridimo  DliUnee,  frum   Q  1 

lOO  B 

1 

40 

364 

4N. 

464  W. 

664 

2 

261 

500 

211  a 

964  W. 

1428 

3 

606 

430 

717  8. 

1394  W. 

2358 

4 

480 

133 

1197  8. 

1261  W. 

2655 

1 

5 

805 

404 

2002  8. 

857  W. 

2118 

6 

1108 

323 

894  8. 

634  W. 

1391 

7 

862 

267 

632  8. 

277  W. 

811 

8 

105 

132 

427  8.             i 

145  W. 

422 

9 

22 

130 

405  8. 

6  W. 

151 

10 

1»3 

101 

212  8. 

107  W. 

113 

11 

86 

24 

126  8. 

131  W. 

238 

12 

126 

31 

126  N. 

31  W. 

1 

162 

9042 

2042 

1419 

1 

1410 

COMPUTATION  OF  AB.SA. 

1 

N. 

X     40 

664 

22660 

+ 

2 
3 

8. 
8. 

X  261 
X  606 

1428 
2368 

358428 
1193148 

•                          • 

4 

8. 

X  480 

2655 

•                           • 

•                •               •                 • 

•                •                •              • 

1274400 

5 

8. 

X  805  '    2118 

■ 

1704990 

6 

N. 

X1108       1391 

164122<^ 

7 

N. 

X  862         811 

2i)358S 

8 

N. 

X  105  !      422 

44310 

9 

N. 

X     22 

151 

3322 

10 

N. 

X  193 

113 

21809 

11 

N. 

X     86 

238 

20468 

■ 

12 

N. 

X  126         162 

1 

20412 

+ 

1 

'                1 

1967691 

4530966 

Meacored 

1 
i 

a                                      • 

1967691 

2563275 

I 
Area  within  the  ] 

1 

Distances,      ^ 

12-81637 

1 

1 

Ofbetal 

to  Water 

that  day, 

• 

•                              •                              • 

.                                       • 

1-26496 

Area  coTered  by  Water  in  Imperial  Acres, 

Area  in  different  denominations,  11  a.  2  r.  8i  p. 


11-66141 


See  PLATE  X. 


[The  fonowing  Field-Book  commences  at  the  lower  end  of  St  Maxy's  Loch,  whence 
the  Yarrow  issues.    The  first  Bearing  ib  reckoned  from  the  south  towards  the  west] 
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SURYETING  BY  TRAVERSING. 


Augtut  1846. 
THE  FIELD-BOOK  OF  ST  MARY'S  LOCH,  Ain)  THE  LOCH  OF  THE 

LOWES,  SELKIRKSHIRE— See  Platb  XL 

Bt  John  Lrabmovt,  Tbaquair. 


■ITM 


OflMtii 


95 


800 


260 


80 


90 

7 

20 

90 


10 
16 
20 
80 


£0 


DiftaBi 


1«)0 

286 

85<'30' 

O  9 


1067 

.    960  . 

667 


040 
07 


1763 
1600 
1100 
1000 
600 
86<*40' 


766 
600 

400 

100 
770  jy 

Os 


781 
600 
87"  80' 


467 
800 
200 
100 
78*20' 

Oa 


1600 

.  1400  • 

1200 

700 

400 

129*>60' 

Oa 


.  1087  ^ 
^  800 
400 
800 
8.110'86'W. 


0 
20 

0 
20 

0 


0 

0 

20 

0 


10 


0 

0 

10 

10 


#WW»MfkM» 


Ox 


to 


1 


S 


I 


I 


I 


0 


T«  • 


COIMBNCSMBirT. 


SURYETING  BT  TRAYEBSIN0. 


153 


THB  FIELD-BOOK  OF  ST  MARTS  LOCH,  AND  THE  LOCH  OF  THE 

LOWES— conltiMiedL 


Bmri^»MiA 

OflMa. 

DMMM. 

OAiti. 

770 

10 

■oiki 

.  T-aK 

•atera 

018 

886 

6 

88»0' 

Mm^ 

S^ 

OlT 

0 

1080 

10 

000 

r 

T»M* 

Oitf 

60 

890 

5r  ao' 

O  u 

% 

0 

4700 

TNM 

9180 

I      .^^^ 

9070 

800 

800 

S790. ... 

1960 

90 

1100 

SO 

800 

0 

600 

- 

100 

100 
45»0' 

Ol4 

400 

40 

900 
112"  ly 

Oia 

0 

6 

607 

0 

10 
60 

600 
900 

loi^go' 

0 

I 

O  la 

10 

1698 

0 

80 

1060 

0 

800 

SO 

000 

0 

— 

6 

660 

96 

90 

600 

96 

» 

90 

900 

10 

900 

0 

90 

60 
90*46' 

Oil 

6 

I 

u 

790 

0 

90 

600 
190«90' 

O  lO 

10 

ooirmuATioH. 
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SURVEYING  BY  TBAYEBSING. 


THE  FIELD-BOOK  OF  ST  MARY'S  LOCH,  AND  THE  LOCH  OF  THE 

hOWES—cwUinued. 


Otteta. 

Diitanoeik 

oa»$ti. 

1 
1 

Boad 

Roiid 
eaten 

Cbvrck  n 

■load 
•Btara 

Road 

90 
100 

20 
200 

2298 

1850 

1700 

200 

48*60' 

Oas 

0 
6 
0 

Road 
aotcra 

Road 

RatOTo  to    O    IC 
Cloaca    at    O  %% 

Road 
eaters 

Road 

Men«t 
Water 

• 

1 

1 

90 
100 

412 

300 

14"  0' 

Oa7 

0 
0 

0 

60 

900 

645 

300 

100 

46»0' 

Oatf 

0 

40 

0 

170 

120 

SO 

ISO 

550 
400 
240 
100 
38' O' 

Oas 

130 
0 

677 
600 

47°  6' 

Oa4 

0 
60 
SO 

446 
300 
200 
ToU-bar 

85*0' 

Oaa 

553 

400 

98«0' 

Oaa 

0 
15 

0 
100 

946 
600 

12V  (y 
O  ai 

r 

2160 
70 
41"  0' 

Oao 

0 
10 
90 

730 
300 
200 
146=35' 

O  19 

( 

COHTIirUAnOH. 
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THETFIELD-BOOK  OF  ST  MARY'S  LOCH,  AND  THE  LOCH  OF  THE 

hOWEB— continued. 


1 

1 

Bcaringiand 

1 

OftMa. 

DtoUnen. 

Otteta. 

1850 

6 

1700 

0 

1000 

si^ao' 

0 

416 

5 

aoo 

■OMI 

0 

aoo 

36'*  30* 

• 

1M«M 

Oay 

■oad 

600 

0 

aatcr* 

t 

46-20' 

0  36 

333 

0 

SOO 

0 

29*0' 

Road 

Oas 

luima 

■mki 

1078 

•■tors 

0 
0 

SOU 
700 

Road 

600 
88"*  40' 

Oa« 

0 

Road 
antan 

800 

0 

200 

10 

43^0' 

Oaa 

6 

1112 

0 

0 

1000 

10 

SOO 

600 
69M6' 

Oaa 

Lioch  of  I<owa« 

10 

1070 

360 

30 

600 

70 

160 

SOO 

20 

ao 

200 
177"  30' 

Oai 

10 

40 

611 

0 

60 

400 
26'*  SC 

Oao 

0 

1 

2242 

1 
1 

J 

10 

1500 

0 

1 

^ 

676 

600 
200 

Road 
Uauem 

^                                           Road 

7"  30' 

•atara 

Oa9 

OOMTIWUATION. 
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SURVETIXa  BY  TRAYEBSING. 


THE  PIELD-BO6K  OF  ST  MARY*S  LOCH,  AND  THE  LOCH  OF  THE 

hOWES— continued. 


' 

BaarlBtiaiid 

<MMl. 

Dlitucw. 

OArti. 

"°"" 

90 

490 
0 
lOS'O' 

0  46 

3 

941 

0 

90 

100 
4«0' 

*0M 

10 

1 

974 

900 

Mri<g« 

148-0' 

0  44 

TIkby  D  •*«• 

1878 

0 

100 

1740 

90 

1500 

9S0 

1100 
800 

900 

700 

«60^ 

160 

(PO' 

0  4S 

90 

5100 

1 

170 

4000 

i 

900 

8800 

1 

190 

3100 

3 

fiO 

9400 

7 

90 

1000 

1 

60 

300 
100 

n 

46*30' 

0  4a 

« 

850 

90 

745 

«  eoo« 

60 

TNM 

60 

900 
192»0' 

0  4X 

68 

1500 

60 

1300 

90 

1940 
110s 

TavMW 

1040 

900 

100 

80 

700 
IIS'IO' 

« 

0  4O 

1900 

70 

mumn 

10.^.8 

900 

70*  15' 

toMM 

0S9 

OOMTWOATIOIf. 
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THB  FIELD-BOOK  OF  ST  MARY'S  LOCH,  AND  THE  LOCH  OF  THE 

LOWES— eonftfMtoI. 


, 

OflkiU. 

BcariBgaaod 

Oflhrti. 

* 

I 

60 
10 
90 
0 
70 
10 
90 

2000 
2100 
9000 
1050 
1700 
1050     ~ 
600 

0  57 

SO 
900 

1000 

1100 

82"  45' 

" 

O  S6 

90 
190 

1200 

600 

67"  40' 

O  SS 

90 
160 
860 
800 

2800 
9000 
1200 
1000 

46"  go' 

9 

Os« 

0 

80 
0 

809 
100 
67«66' 

O  aa 

10 

280 
68*0' 

Osa 

142 
199*80' 

Osi 

1 

10 
80 

1000 
970 

irao' 

Oso 

w 

• 

60 

30 

100 

I860 

1600 

100 

26"  0' 

Ou 

0 

810 

800 

74"  46' 

0«8 

SO 

170 

160 

0 

1210 
700 
470 
900 

83"  0' 

1 

1 

©47 

■ 

oownirvATioir. 
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SURVEYING  BY  TRAVERSING. 


THE  FIELD-BOOK  OF  ST  MARY'S  LOCH,  AND  THE  LOCH  OF  THE 

hOWES-^condud^d. 


» 

Oflhsti* 

Dcaringt  Mid 
Diatano«. 

Oftata. 

> 
To  Slalec          D 

0 

800 
700 



Clows  at  O  1 
Yarrow 

Bowcrkopo  □ 

• 

300 
164°  y 

O  67 

160 

100 

20 

0 

466 
400 
300 
200 
36°  (K 

O  ee 

20 

0 

10 

1300 
1100 
800 
68°  26' 

O  n 

10 
60 

408 

100 

104°  30* 

0  64 

30 

250 

70 

1400 

1000 

800 

69°  0' 

0  63 

200 
200 

2000 
1600 
250 
80^0' 

0 
0 

20 
0 

60 

2000 

1150 

600 

350 

100 

81°  30' 

O    61 

40 

0 

50 

0 
30 

760 
600 
200 
117° 

O  60 

270 

160 

88°  0' 

O   B9 

0 

80 

90 

fiOO 

460 

200 

66°  0' 

OS8 

1 

COMTIMUATION. 
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THE  FIELD-BOOK  OF  INNERLEITHEN  FARM,  PEEBLESSHIRE. 

PLATE  Xn. 


(ftktto. 

BcMingsand 

■ 

DUUncw. 

Oflkvto. 

. 

' 

966 

80 

800 

15 

761 

0 

700 

0 

• 
1 

600 
400 
300 
200 
30 
60"  0' 

O    B 

30 
40 
40 
30 
0 

186 

34 

ISO'O' 

O    7 

0 

467 

100 

34 

ir  2iK 

ToOykftOB 

O    6 

Gowford  Mo 

—     1277     ^ 

^jt 

1100 

16 

■n 

1060 

0 

1000 

2 

800 

24 

750 

20 

600 

0 

600 

10 

350 

40 

200 

60 

100 

60 

67"  46' 

Ob 

1030 

10 

900 

16 

160 

10 

100 

To  mrmMm  groood  lOO  llaka 

Co««te««d  ttato  llB«  and 

137"  SO' 

b«ck 

took   0   10lMr» 

O4 

{ 

518 

400 

0 

1 

206 
190 

26 

4 

H 

1 

10 

170 

0 

Bridg* 

24 

160 
0 

24 
0 

1 

U 

70^80' 

Twmmm 

^ 

Oa 

220 

159°  O' 

Oa 

- 

ToU  LJ  kotil 

M 

170 
70 

125^30' 

Ol 

OOMMllNCXMBIirT. 
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SURVEYING  BT  TRAYEBSING. 


THE  FIELD-BOOK  OF  INNERLEITHEN  FARM,  PEEBLE&SHIRE.— ^ontiiiKecl. 


BearlngtMid 

OAali. 

IMitaBOM. 

OAata. 

386 

10 

• 

138 

0 
]68«30' 

Ol4 

1           1 

791 

10 

i       -.^8 

0 

700 

I  ■••! 

90 

480 

H        IMft 

33 

230 

Wkmtmrm  to  O  M                 | 

15e«45' 

^ 

O  la 

■ 

2070 
1210 

119"  46'  Length  IStt. 

■•tani  toO  IS 

OlM 

0kto  or  pottd 

760 

74'>16 

To  »oo« 

Oia 

88 

1661 

10 

80 

1100 

00 

700 

60 

800 
0 
137«0' 

O  &a 

10 

T»  GowfeHI 

40 

1046 

1000 

30 

800 

10 

77 

400 
260 

0 
0 

.        ^^          * 

70 

200 

20 

1 

100 
134«  40" 

O  11 

60 

1 

1  { 

ft 

7 

1246 

1     ^ 

33 

1160 

66 

9 

67 

900 

26 

3 

72 

600 

40 

60 

300 

70 

12 

100 

87 

n«tarato  O  4 

66"  30* 
OlO 

gjMMOtOl 

1080 

1000 

120 

!■•««• 

800 

186 

600 

60 

400 

25 

330 
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NoTK. — ^The  torTey  commenced  at  the  east  side  of  the  toll  in  a  direction  S.E.,  that  is,  at 
station  1,  page  159,  the  bearing  125*  30  is  N.E.,  thus  bringing  it  to  a  Mmth-easterly  direction. 
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SECTION    THIRD. 


OF  AREAS. 


AKT.  I.— TO  FIND  THE  AREA  OF  REGULAR  AND 

IRREGULAR  FIGURES. 

The  Area  or  Content  of  land  is  in  general  named  in  England 
and  Ireland,  ctcres^  roods^  and  perches  ;  in  many  parts  of  England 
the  perches  are  named  jpoJe^y  in  Scotland,  the  perches  are  named 
'faUs.  Now,  there  being  100  links  in  a  chain,  and  ten  chains  long 
and  one  chain  wide  being  one  acre,  1000  links,  which  is  the  number 
of  links  contained  in  ten  chains,  if  multiplied  by  100  links,  the 
product  is  100,000  square  links,  which  is  equivalent  to  one  acre, 
and  is  known  by  cutting  off  the  five  cyphers  on  the  right  hand, 
thus  1.00000. 

Also  five  chains  in  length  and  two  chains  in  breadth  is  one  acre, 
and  four  chains  long  and  two  and  a  half  wide  is  also  an  acre.  Land- 
surveyors  seldom  write  down  the  words  chains  and  links  when  in 
the  field ;  but  thus,  500  for  5  chains,  200  for  2  chains.*  Now  if 
500  be  multiplied  by  200,  the  product  is  100,000  ;  and  when  the  5 
right-hand  figures  are  cut  off,  there  remains  1.00000  as  before ;  which 
1  is  an  acre :  but  if  a  distance  is  measured  of  11  chains  and  50  links, 
it  is  marked  1150 ;  or,  suppose  you  have  measured  a  line  19  chains 
and  75  links  in  length,  it  is  expressed  1975.  Now  if  1975  is  mul- 
tiplied by  1150,  the  product  is  2271250;  by  cutting  off  5  figures 
on  the  right  hand,  there  remains  22.71250,  or  22  acres  on  the  left ; 
the  decimals  .71 250  are  square  links,  which  when  multiplied  by 
4  (the  number  of  roods  in  an  acre,)  brings  the  decimals  into  roods* 
After  cutting  off  5  figures  on  the  right,  the  product  is  2.85000  roods ; 
then  .85000  multiplied  by  40  (the  number  of  perches,  poles,  or  falls 

*  It  is  in  general  preferable  to  write  down  all  difltaaoes  in  links  only. 
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In  a  rood,)  the  product  is  34.00000,  and  is  34  perches ;  which  gives 
in  the  whole  22  acres,  2  roods,  and  34  perches  or  falls. 

Th6  calculation  as  under  will  appear  plain. 

1975 
1150  multiplied  by 


98750 
1975 
1975 


acres  22.71250  product 

4  multiplied  by 


Toode  2.85000 


40  multiplied  by 


perches  34.00000 

A  practical  surveyor  is  seldom  at  the  trouble  of  casting  up  the 
contents  of  the  decimals  of  an  acre,  but  cuts  off  the  5  figures  on  the 
right  hand,  and  to  what  is  above  5,  adds  the  letter  A,  which  repre- 
sents acres :  the  rest  are  decimals. 

In  the  following  examples  I  shall  use  a  few  algebraic  signs, 
merely  for  shortening  the  calculations,  viz.  +  for  the  sign  of  addi- 
tion ;  —  for  the  sign  of  subtraction ;  x  for  the  sign  of  multiplica- 
tion ;  -i-  for  the  sign  of  division ;  and  «  as  signifying  equal  to. 

The  area  or  superficial  content  of  a  square  is  easily  found, 

1.  Suppose  the  square  represented  by  this  figure  to  have  each 
side  800  links,  what  is  the  area  ?  The  product 
of  800  X  800  is  6.40000  acres,  which  x  by  4, 
to  bring  the  decimals  into  roods,  and  the  remain- 
ing decimals  x  by  40,  to  bring  them  into  perches  § 
as  before  directed,  is  «  6  acres,  1  rood,  24 
perches. 


800 


H-rt 


i 


2.  Suppose  the  parallelogram,  or  oblong,  represented  by  this 
figure  to  be  1167  long  and  305  wide ;  then  305  x  1167,  the  pro- 
duct is  3^935;  which  x  4,  to  bring  the 
dedmals  .55935  into  roods,  is  —  2.23740 
roods ;  then  .23740  x  40  is  -  9.49600 


i 


U67 


perches,  which  is  »  3  acres,  2  roods,  9  perches  and  a  half  nearly. 

It  is  presumed,  from  what  has  been  stated  above,  that  a  pupil  will 
be  at  no  loss  in  understanding  how  the  amount  in  square  links  is 
turned  into  acres,  roods,  and  perches. 
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3.  This  figure  is  a  triangle,  the  base  of  which  is  1125,  and  the 
perpendicular  550 :  the  half  is  275 ;  which  x  1125,  the  product  is 
3.09375  a  3  acres  15  perches.  It  will  turn 
out  the  same  measure  if  half  the  base  had 
been  multiplied  by  the  whole  of  the  perpen- 
dicular ;  half  the  base  562  x  550,  ^e  pro- 
duct is  3.09375  «  3  acres  15  perches. 

All  triangles  are  measured  in  the  same  manner,  either  by  taking 
half  the  length  of  the  perpendicular,  and  multiplying  it  by  the 
length  of  the  base,  or  by  taking  half  the  length  of  the  base,  and 
multiplying  it  by  the  perpendicular,  or  taking  half  the  product  of 
the  base  and  perpendicular,  when  both  are  odd  numbers. 

4.  The  right-angled  triangle  I  G  H,  {fig.  p.  3,)  whose  sides  are 
each  740 ;  the  square  of  which  is  5.47600  acres,  the  half  is  2.73800 
acres,  ^  2  acres,  2  roods,  38  perches. 

5.  The  trapezium,  {fig.  Sjp.  3,)  whose  diagonal  from  A  to  B  is 
1200,  and  the  sum  of  the  perpendiculars  are  1080 ;  the  half  of  which 
is  540  X  1200,  the  product  is  648000  =  6  acres,  1  rood,  37  perches. 

In  place  of  measuring  the  two  perpendiculars  separately,  and 
adding  them  together,  and  then  halving  the  sum,  a  practical  sur- 
veyor would  lay  a  parallel  ruler  upon  the  diagonal  A  B,  and  move 
it  parallel  to  the  angle  D,  and  draw  the  line  D  e,  and  take  off  the 
distance  with  his  compasses  from  the  angle  C,  by  putting  one  point 
in  C,  and  measuring  to  the  nearest  part  of  the  dotted  line  D  e; 
which  will  give  the  same  distance  as  the  sum  of  the  two  perpendi- 
culars, by  applying  that  extent  on  a  scale  equal  to  double  the  extent 
of  the  scale  the  figure  is  laid  down  by.  This  operation  saves  the 
trouble  of  adding  and  dividing. 

This  figure  is  another  trapezium,  whose  diagonal  from  D  to  B  is 
1290,  and  the  sum  of  the  perpendiculars  is  1080,  the  half  is  540 
^  1290  -  6.96600.  In  this  figure  an 
angle  A  is  supposed  to  be  taken  with  the 
chain,  which  saves  the  trouble  of  measur- 
ing the  diagonal  across  the  enclosure:  it 
also  shows,  by  drawing  a  line  parallel  to 
the  diagonal  D  B  from  A  to  6,  and  by 
applying  the  compasses  to  the  angle  C,and 
extending  them  to  the  nearest  part  of  the 
line  A  6  is  the  sum  of  the  two  perpendiculars ;  which  distance,  if 
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applied  to  a  double  scale,  saves  the  trouble  of  adding  and  halving 
the  same. 

The  area  or  contents  of  irreg^ar  fields,  of  whatever  number  of 
sides,  are  generally  determined  by  dividing  them  into  triangles, 
trapeziums,  &c.,  and  measuring  them  separately ;  and  the  products, 
being  added  together,  will  be  the  sum  total  or  area.  Regular 
circles,  polygons,  or  ellipses,  seldom  occurring  in  practice,  for  the 
sake  of  the  curious,  I  shall  merely  give  a  few  examples,  showing 
how  the  areas  are  commonly  calculated. 

This  figure  is  a  circle,  the  contents  of  which  is  wanted.  Various 
methods  have  been  tried  to  get  the  exact  contents ;  the  common 

method  is  by  multiplying  half  the  diameter        ..hj*^*-^'***^^^, 

by  half  the  circumference,  which  gives  the       ^  ^        "^  ^ 

area.     For  example,  half  the  diameter  of  the 

above  figure  is  605,  half  the  circumference 

is  1901 ;  when  multiplied  into  one  another,! 

gives  1150105  square  links,  which  is  equal' 

to  11  acres  2  roods. 

Another  method  is  by  squaring  the  diameter, 
and  multiplying  the  amount  by  .7854:  the 
squareof  the  diameter  is  1464100,multiplied  by  .7854isll49904.04; 
omit  the  decimals,  and  there  remains  1149904 ;  cut  off  5  figures 
to  the  right  hand,  multiply  the  remainder  by  4,  and  cut  off  6 
figures  on  the  right ;  then  multiply  by  40,  and  cut  off  5  figures, 
and  there  remains  84772  decimals  of  a  pole  or  perch ;  the  amount 
is  11  acres,  1  rood,  39v^,  very  near  the  first  calculation. 

It  firequently  happens  that  the  diameter  of  a  circle  cannot  be 
measured,  particularly  in  a  round  plantation,  a  round  building,  hay- 
cock, or  fish-pond :  in  that  case,  if  you  can  get  the  circumference 
measiu^d,  the  diameter  is  found  by  multiplying  it  by  0.31831 ;  or 
thus  roughly. 

The  circumference  of  the  outmost  circle  in  this  figure  is  4400, 
which,  if  multiplied  by  7,  is  30800,  and  divided  by  22  is  1400. 
For  the  length  of  the  diameter,  the  con- 
tent is  found  in  the  same  way  as  de- 
scribed above  in  last  figure,  which  amounts 
to  15.40000,  or  15  acres,  1  rood,  24  perches.^ 
The  circumference  of  the  inner  circle 
2515.2,  and  the  diameter  is  found  as  above^ 
to  be  800 :  square  the  diameter  as  before 
directed,  and  multiply  by  .7854,  and  cut  off 
the  four  decimals,  and  there  remains  5.02656 


OF  ABEAS.  171 

for  the  amount  of  the  inner  circle,  which  subtract  from  the  outermost, 
which  is  15.40000,  which  also  gives  the  amount  of  the  space  be^ 
tween  the  circles,  which  is  10  acres,  1  rood,  2  perches. 

Another  method  for  finding  the  contents  of  the  space  betwixt 
the  outermost  and  innermost  drcle.  The  diameter  of  the 
large  drcle  is  1400,  and  the  diameter  of  the  little  or  innermost 
circle  is  800  links ;  when  they  are  added  together  is  2200.  This 
sum,  multiplied  by  600,  the  difference  of  the  diameters,  is  1320000, 
and  again  multipUed  by  .7854,  gives  1026728,  or  10  acres,  1  rood, 
2  perches,  the  same  as  before. 

1.  To  find  the  area  of  a  circle  when  the  circumference  is  given : 
multiply  the  square  of  the  circumference  by  0.0795775,  or  0.08 
nearlycorrect,whenthecirclei8small.  Thus^!!52i*^^:25S25«  15.406204 
acres  =  15  acres,  1  rood,  25  perches. 

2.  The  areas  of  circles  are  as  the  squares  of  their  diameters,  or 
as  the  squares  of  their  circumferences.  But  the  difference  of  the 
squares  of  any  two  numbers  is  equal  to  the  produce  of  their  sum 
and  difference.  Whence,  the  product  of  the  sum  and  difference  mul- 
tiplied by  the  constant  0.7854  for  the  diameter,  or  0.07958  for  the 
circumference,  will  give  the  area  between  two  circles  of  different 
diameters  with  the  same  centre. 

Contents  of  the  triangles  and  trapeziums  of  the  farm  of  Broad 
Meadows,  surveyed  with  the  circmnferentor.*    Fig.  page  86. 

A.  Dae. 


Triangle 

1      I. 

1930  X 

615 

halftheperpendicular 

9.93960 

Do. 

II. 

2200  X 

200 

do.     do. 

4.40000 

Do. 

m. 

2810  X 

900 

do.     do. 

26.29000 

Do. 

IV. 

2410  X 

160 

do.     do. 

3.86600 

Do. 

V. 

4130  X 

526 

do.     do. 

21.68260 

Tiapez. 

VI. 

2600  X 

1016 

half  sum  of  the  per- 
pendiculars. 

26.39000 

Do. 

VII. 

2690  X 

900 

do.    do.            .         . 

24.21000 

Do. 

VIII. 

6100  X 

2119 

do.    do. 

108.06900 

Triangle 

1  IX. 

3940  X 

380 

half  oftheperpendicular  14.97200 

Do. 

X. 

2280  X 

160 

do.    do. 

3.42000 

Do. 

XI. 

3112  X 

664 

do.    do. 

17.24048 

Trapez. 

XII. 

2280  X 

460 

half  som  of  the  per- 
pendiculars . 

10.26000 

A.  B.    P. 

269-72948=269  2  36 1'w 


Plate  VI.  {Fig.  4.) — Is  a  plan  of  the  same  Common  fidd^  as  Fig. 

*  It  is  a  BaTing  of  labour  to  put  down  the  doMt  ana»,  diyiding  the  sum  at  last 
by  2,  onoe  instead  of  several  times,  and  also  thus  aYoidiog  fractions. 
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3,  each  division  of  which  is  divided  into  equal  distances  of  250  Unks 
wide,  which  is  mtroduced  merely  to  point  out  the  best  method  of 
calculating  the  contents  of  such  an  irregular  field,  which  has  not  a 
straight  line;  the  boundaries  being  very  crooked  and  curved, 
would  require  much  trouble  in  dividing  it  in  the  conunon  way  into 
trapeziums  and  triangles,  to  ascertain  the  areas.  This  plan  being 
protracted  from  a  scale  of  eight  chains  in  an  inch,  four  chaiQS  or 
half  an  inch  will  then  make  a  scale  of  acres — that  is  to  say,  when 
each  division  is  250  links,  each  half  inch  upon  a  scale  of  equal 
parts  is  one  acre.  The  making  scales  of  acres  will  be  particularly 
taken  notice  of  in  an  after  part  of  this  work.  In  the  figure,  there 
are  only  inserted  the  amount  in  each  of  the  columns  of  George 
Peacock's  property,  merely  to  show  how  they  ought  to  have  been 
inserted  in  the  same  way  in  all  the  other  properties ;  and  by  simply 
adding  the  amount  of  all  the  columns  together,  we  have  5*972  for 
the  area  of  George  Peacock's  property ;  and  if  the  amount  of  the 
others  had  been  inserted  in  each  column  as  in  George  Peacock's, 
the  sum  of  them  would  be  the  area.  K  the  breadth  of  the  columns 
is  short,  as  in  Joseph  Dice's  property,  the  amount  may  be  ascer- 
tained by  applying  the  compasses  but  once  to  the  scale  of  equal 
parts  or  acres.  Thus,  put  one  foot  of  the  compasses  in  the  centre 
as  near  as  you  can  guess,  in  the  left  hand  column  at  a,  on  the 
boundary  betwixt  Joseph  Dice  and  Bobert  Thomas,  and  extend 
the  other  foot  to  the  centre  of  John  Wilson's  boundary ;  then  with 
that  extent  put  one  foot  of  the  compasses  in  the  middle  of  the  next 
column  between  Joseph  Dice  and  Eobert  Thomas,  and  let  the 
other  foot  next  you  be  fixed  upon  the  paper,  which  will  reach  into 
George  Peacock's  property  in  the  second  column;  then  extend 
the  compasses  from  thence,  over  John  Dice's  property,  to  John 
Wilson's ;  then  put  in  one  foot  of  the  compasses  between  Bobert 
Thomas  and  Joseph  Dice,  and  let  the  other  foot,  which  is  towards 
yourself,  be  fixed  somewhere  about  the  middle  of  the  third  column 
of  George  Peacock's  property,  and  extend  the  other  foot  to  John 
Wilson's  boundary ;  go  over  the  other  columns  in  the  same  way. 
When  done,  apply  the  compasses  to  the  scale  of  acres,  which  is 
1.736 ;  then  add  to  it  the  amount  of  the  small  square,  which  is 
.132  square  links,  and  the  sum  is  1.868  acres,  equal  to  1  acre, 
3  roods,  19  perches.  This  small  plan  is  merely  introduced  to  give 
a  pupil  an  idea  of  the  quickest  method  of  finding  out  the  content 
of  an];irregular  boundary  like  what  the  figure  is,  which  should  be 
laid  down  upon  a  larger  scale,  and  the  area  of  each  property  will 
be  correctly  ascertained.    If  the  learner  chooses  to  keep  a  field- 
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book  in  preference  to  the  sketches  Fig.  1  and  2,  there  is  one  in 
pages  121  and  122. 

Fig,  3.  page  10,  represents  a  hexagon,  each  side  of  which  is 
520.  First  caknlate  the  contents  as  described  in  fig.  1.  page  169, 
for  finding  the  content  of  a  triangle,  by  multiplying  half  the 
perpendicular  by  the  base,  and  multiplying  the  amount  of  one 
triangle  by  6,  die  number  of  sides,  which  gives  the  area.  For 
example,  die  side  B  C  is  520,  the  perpendicular  is  450,  the  half  is 
225,  X  520,  is  1.17000  x  6,  the  number  of  sides,  is  7.02000, 
=  7  acres,  3  perches. 

When  one  side  only  is  given,  the  area  may  be  found  by  the 
multiplier  in  the  annexed  table. 

Na  ofiidM.  MoHlpUer. 

3.  Equilateral  Triangle      ....  0.433013 

4.  Square  1.000000 

6.  Pentagon 1.720477 

6.  Hexagon 2.fid8076 

7.  Heptagon  3.633912 

8.  Octagon  .         .                            .         .  4.828427 

9.  Nonagon 6.181824 

10.  Decagon 7.694209 

11.  Undecagon 9.366640 

12.  Duodecagon 11.916153 

'  Ride.     Square  the  side  of  any  regular  polygon,  and  multiply  the 
square  by  the  multiplier  in  the  table. 

Example.  One  side  of  the  above  Hexagon  is  520  x  520x2*598076 
-  270400  X  2-598076,  is  7-02519,75040  -  7  acres,  4  perches. 

Fig.  1.  page  12,  is  an  octagon.  One  side  is  340,  and  a  per- 
pendicular let  faU  from  one  of  its  sides  to  the  centre  is  410,  the 
half  is  205  and  205  x  340  x  8  is  5-57600  »  5  acres,  2  roods, 
13  perches. 

Or  thus,  by  the  multiplier  in  the  table ;  the  square  of  340,  one 
of  the  sides,  is  115600  and  115600  x  4-828427  is  558166-1612 
square  links  "■  5  acres,  2  roods,  13  perches.  ' 

Fig.  2.  page  12,  is  an  Oval  or  Ellipse.  1st,  Let  the  longest  or 
transverse  diameter  be  1740,  and  its  shortest  or  conjugate  diameter 
1270.  Rule.  Multiply  the  2  diameters  into  one  another,  and  the 
product  by  -7854.  Thus  1740  x  1270  x  07854  is  2209800  x 
*7854  is  1735576-9200  square  links  "17  acres,  1  rood,  17  perches. 
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ABCDEFisa  field  of  six  sides  divided  into  two  trapeziums, 
represented  by  dotted  lines,  which  should  be  drawn  with  a  sharp 
pointed  black  lead  pencil  on 
your  plan.  In  findbg  the  con- 
tents, some  surveyors  draw  the 
lines  with  red  ink,  and  write  in 
the  length  of  the  diagonals  and 
perpendiculars  in  the  same  man- 
ner as  I  have  done,  but,  in  ge- 
neral, most  surveyors  use  a  black 
lead  pencil,  whidh  is  rubbed  out 
after  the  work  is  calculated. 

The  calculation  turns  out  as 
follows : — 

The  Trapezium  No.  1,  1465  x  605,  half  sum  of  the  per- 

pendieularsy 8*86325 

Trapeziam  No.  2,  1800  x  600,  half    do.       do.    10*80000 


Total, 

This  figure  is  the  same  field  as  last, 
but  calculated  in  a  different  manner,  by 
dividing  it  into  one  large  trapezium  and  ^ 
two  triangles. 

The  diagonal  of  trapezium 

A,  2160  X  760,half  sum 

of  the  perpendiculars,  is  16*41600  . 
The  base  of  the  triangle 

B,1580  X  175,  half  the 

perpendicular,  b  2*76500 

The  base  of  the  triangle 

C,  540  X  90,  half  do.         48*600 


— — —        ▲.     R.    p. 

19*66325  -  19    2  26 


A.    R.   P. 


19*66700=19  2  27 

This  is  the  same  field  as  the  two  last, 
and  is  calculated  by  equalising  the  sides, 
as  particularly  described  in  the  follow- 
ing pages,  and  the  contents  ascertained 
by  one  calculation,  viz. : — 


The  diagonal  2186  x  900, 
half  sum  of  the  perpen- 


A.    Dec        A.     R.  p. 


dicolars,  is 


19*67400  «19    2  28 
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This  figure  (fig.  1,)  is  a  verj  irregular  field  often  sides,  divided 
into  one  trapezium  and  five  triangles. 

The  trapezium  A,  Diagonal  1438  x  615,  half  sum  of 

the  perpendicularsy  is     .         .         •         .  8*84370 
Triangle            B,  Base            980  x  250,  half  the  per- 

2-45000 

920  X  150,  half    do.  1*38000 

1680  X  290,  half    do.  4-77200 

1200  X  228,  half    do.  2-73600 

860  X  140,  half    do.  1-20400 


pendicnlar. 
Do.  C,  do. 

Do.  D,  do. 

Do.  £,   do. 

Do.  F,   do. 


Fig.  1, 


■  A.      E.   p. 

21-38570  =  21     1  21 
Fig.  2. 


—   «»     \    V 


6  "  %*?.--v 


/*••. 


% 


^/        -^v 


Fig.  2.  is  the  same  field  as  last,  divided  in  a  different  manner,  viz., 
into  three  trapeziums  and  two  triangles. 

The  trapezium  G,  Diagonal  1430  x  410,  half  sum  of 
the  perpendiculars^         •         .         •         . 
Do.           H,      do.         980  X  650,  half    do. 
Do.           K,       do.        1220  X  435,  half    do. 
The  triangle     I,     Base         820  x  160,  half  the  per- 
pendicular,   

Do.     L,   do.    1040  X  250,  half  do. 


5-86300 
6-37000 
5-30700 


1-23000 
2-60000 


A.      R.    P. 


This  figure  represents  the  same 
field  as'  the  two  last,  and  the 
contents  ascertained  by  one  calcula- 
tion, by  equalising  the  different  sides 
into  a  square. 

iPie  diagonal  2234  ^      i>«^      a.  r.    p. 
X  957,  half  sum 
of  the  perpendi- 
culars, is  21-37938"- 21     1  20 


21-37000-21     1  19 
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This  figure  is  a  very  irregular  moor,  having  a  brook  or  bum 
running  round  the  greatest  part  of  it. 


1450 


The  contents  are  cast  up  or  calculated  bj  dividing  it  upon  the 
plan  into  a  rectangular  figure,  as  A  B  C  D,  and  casting  up  all  the 
different  triangles  and  comers  separately,  and  that  part  of  the  land 
falling  without  the  square  to  be  added,  and  the  vacant  part  within 
the  square  to  be  deducted. 

The  calculation  will  be  thus : — 


Amount  of  the  square  A  B  C  D,  Diagonal  3820  x  1240, 

half  sum  of  the  perpendieularsy        .  48*36800 

Amount  of  triangle  No.  1,  Base  1100  x    70 

half  the  perpendicolary      .         .  '77000 

Do.  No.  2,  do.      760  x    60 

half  do.  .         .         .         .  -45600 

Do.  No.  3,  do.      620  x  130 

half  do.  ....  *80600 

Do.  No.  4^  do.      830  X  135 

half  do.  ....         1*12050 

3-15250 


51-52050 
Deduct, 
Amount  of  triangle  No.  5,  Base    820  x  150 

half  the  perpendicular,      .         •         1*23000 
Do.     triangle  No.  6,  do.    1450  x  135 
«^   half  do.  ....         1-05750 

Do.  No.  7,   do.    1000  X  140 

half  do.  ....         1*40000 

Do.  No.  8,  do.      600  X  130 

half  do -78000 

Do.  No.  9,  do.      830  +  135 

half  do.  ....         1*12050 

Deduct,    6*48800 

▲.    a.  p. 

Total  amount  of  the  moor,        45*03250  =  45    0    5 
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This  figure  Is  the  same  moor  as  represented  in  last,  divided  into 
eleven  triangles  and  one  trapezium. 


Triangle     No.    1,  Base 


Do.         No. 

Do.         No. 

Trapezium  No. 


Triangle     No.    6,  Base 


Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 


No. 
No. 
No. 
No. 
No. 
No. 
No. 


860  X  200  half  the  per- 
pendicular is 
2y  do.  780  X  250  half  do. 

3/  do.  750  X    70  half  do. 

4,  Diagonal  1400  x  890  half  sum  of 
the  perpendiculars, 

1260  X  130  half  the  per- 
pendicular, 

1500  X  430  half  do. 


6, 

7, 

8, 

9, 

10, 

11, 
12, 


do. 

do. 
do. 
do. 
do. 
do. 
do. 


2360  X 
2360  X 
1400  X 
1200  X 
760  X 
640  X 


615  half  do. 
335  half  do. 

70  half  do. 
200  half  do. 

70  half  do. 
150  half  do. 


1-72000 

1*95000 

•62500 

5-46000 

163800 

6*45000 
14*51400 

7-90600 
•98000 

2*40000 
•53200 
•96000 

45*03500> 


A.      R.      P. 

45    0   5-6 


The  figure  on  next  page  is  the  same  moor  as  last  two,  with  the 
contents  calculated  in  a  different  way  from  any  of  the  above-men- 
tioned methods,  viz.,  hj  drawing  lines  round  it,  which  forms  a  quad- 
rilateral EFGH,and  calculated  as  other  trapeziums  by  multiply- 
ing the  diagonal  by  the  half  sum  of  the  two  perpendiculars ;  but 
there  falls  to  be  deducted  all  the  land  that  lies  betwixt  the  dotted 
lines  E  F  and  G  H  and  the  moor. 

The  calculation  will  be  as  under : — 

Diagonal  4300  x  1540  half  the  perpendiculars,  66*22800 

Triangle     a    Base       820  x  150  half  its  per- 
pendicular,   .  .        1*23000 
1860  X  200  half    do.     3*72000 


Do. 
Do. 


c  do. 
b  do. 


1800  X  300  half    do.     5*58000 


Carry  over, 


10*53000    66*22800 
M 
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TriaDgle     d  Base 


Do. 
Do. 
Do. 


e  do. 
/do. 
^do. 


•12000 

•13750 

•16000 

r23200 


Brought  forward,     10*53000  66.22800 
300  X    40    half    its 
perpendicular,     • 

250  X     55  half    do. 
300  X     50  half    do. 
770  X  160  half    do. 
Trapezium  h  Diagonal  1550  x  190  half  sum  of 

the  perpendiculars,    .        2*94500 
Triangle     tBase  200  x    35  half  the  per- 

pendicular,       .        .  -07000 

540  X    90  half     do.      -48600 
1280  X  325  half     do.    4*16000 
740  X  185  half     do.    1*35900 

Subtract        ^21-18950 


Do. 
Do. 
Do. 


k  do. 

Mo. 
ffido. 


ToUl,      45-03850 


A.     B.    P. 

45    0    6 


Plate  lY .  is  a  reduced  plan  of  the  farm  of  Hardacresy  which  is 
calculated  as  under.  This  will  give  the  learner  an  idea  how  to 
arrange  his  rough  draught  before  he  inserts  the  contents  into  a 
finished  plan. 


StM*        Por* 


House  ft  Yard 

Trapezium  D. 

Do.  D. 

Triangle  B. 

Trapezium  D. 

Triangle  B. 

«  I  Trapezium  D. 

^  ^  Triangle  B. 

Trapezium  D. 

€  ^  Triangle  B. 

Do.  B. 


enlan. 

4i0  X 190  length  and  breadth     .    .    . 

760  X  846  halfsum  of  perpend.  2*62200 

1150x525  half  do.  604750 

500  X   60  half  the  perpend.  '80000 

400  X  615  half  sum  of  perpend.  8'61000 

900  X  21 0  half  the  perpend.        1  '89000 

1610x545  half  sum  of  perpend.  8*77450 

1885  X 158  half  the  perpend.        218830 

1800  X  710  half  sum  of  perpend.  12*78000 

IISO  X 150  half  the  perpend.        1*65000 

440  X 100  half         do.  44000 


'88600 
8*96950 

10*50000 
10*96280 


14-87000 


A. 

.  0 

R.    P. 

8  14 

8 

8  85 

10 

2    0 

10 

8  84 

14 

8  19 

Cany  forward,         46.13830    46    0  22 
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»JJ-     j^f.  Brought  forward,    4618880  as46    0  22 

eaUn. 


Trftpeziam  D.  1510x640  half  sum  of  perpend.                    8*22950=8    0  87 

^jDo.  D.  1600 X 490 half           do.              784000)    a•KAnt^f^       q     o    a 

^    Do.  D.    700  X 100  half           do.                70000  {    ®  ^*""^  =826 

.    Do.  D.  1690x716  half           do.            11* 2*120    .,.,,.„.     -^    - 

^  I  Triangle  B.  1460  x  150  half  the  perpend.        219000  j  ^^  ^^^^^  =^*    ^  ^* 

Trapesium  D.  l&05x  645  half  sum  of  perpend.                    8'20225  »  8    0  32 

84-54125>b84    2    6 

Various  methods  have  been  inyented  to  facilitate  and  lessen  the 
labour  attending  the  calculation  of  the  contents  of  land  by  different 
scales;  but  few  deserve  notice  except  the  following :^^It  must  be 
admitted  that  as  few  figures  as  possible  ought  to  be  used  in  the 
calculations,   because,  when  the  figures  are  complex,  there  is  a 
greater  liability  to  error ;  and  no  one  can  be  certain  his  calculation 
is  right  without  recalculating,  which  ought  to  be  done  in  some 
other  way  from  the  former.     If  the  two  do  not  agree,  a  third  must 
be  resorted  to,  and  sometimes  a  fourth.     It  has  been  observed 
before,  that  ten  chains  in  length  and  one  chain  in  breadth  is  one 
acre ;  when  multiplied  into  one  another  is  100,000  square  links, 
the  square  root  of  which  is  316*22777  links,  for  the  sides  of  a  square 
acre  to  be  delineated  on  a  plan ;  and  Euclid^  Book  1,  Prop.  47, 
demonstrates  that  the  hypotenuse  is  equal  to  the  sum  of  the  squares 
of  the  two  other  sides ;  therefore  the  square  of  316*22777  links  is 
100000  links ;  when  doubled,  is  200000  links ;  the  square  root  of 
whidi  is  447*2136  links  for  the  diagonal  of  a  square  acre ;  that 
distance,  taken  from  the  scale  the  plan  is  protracted  and  plotted  by, 
and  made  one  of  the  large  divisions  of  another  scale,  and  very 
finely  divided  into  a  diagonal  scale  in  100  equal  parts,  forms  a  new 
scale  for  the  diagonal  of  a  square  acre.    The  divisions,  being  larger 
than  the  plotting  scale,  in  proportion  as  447  exceeds  1000,  this  will 
give  the  area  in  fewer  figures  than  the  plotting  scale ;  and  in  pro- 
portion as  a  square  or  parallelogram  is  to  a  triangle  of  the  same 
base  and  altitude ;  consequently,  if  the  diagonal  and  perpendicu- 
lars of  any  trapezium  are  measured  upon  a  plan,  or  the  base  and 
perpendiculars  of  any  triangle  by  this  diagonal  scale,  and  multi- 
plied into  one  another,  the  product  is  the  whole  of  the  area,  and 
saves  the  trouble  of  halving  the  perpendiculars.     The  perpendicu- 
lars have  only  to  be  lidded  together,  and  their  product  multiplied 
by  the  whole  length  of  the  diagonal,  which  shows  that  a  fewer 
number  of  figures  are  used  to  multiply  into  one  another  (to  ascer- 
tain the  area)  than  by  the  plotting  scale. 

This  figure  is  a  diagonal  scale,  con8t]::!icted  for  calculating  a  plan 
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plotted  by  a  scale  of  seven  chains  to  an  inch.    Suppose  the  meadow 
close  in  the  farm  of  Tippertj,  fig.  page  94,  which  is  plotted  from 
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the  scale  just  mentioned,  and  the  calculation  of  enclosure  No.  4. 
cast  up  by  the  new  scale. 

The  Trapeziam  M  B  C  L,  Diagonal  409  x  288,  the  sum 
of  the  perpendiculars  ia 11*7792 

Triangle  L  M  a,  Base  328  x  80,  the  whole  of  the  per- 
pendicular,   2-6240      * 


A.     R.    P. 


14-4032  =  14    1  24 

In  using  this  new  scale,  there  requires  only  four  decimals  to  be 
cut  off  upon  the  right  hand,  which  multiply  by  4  and  then  by 
40,  which  converts  the  decimals  into  roods  and  perches  in  the  same 
manner  as  formerly  described.  It  will  be  proper  to  observe,  that  a 
scale  of  this  kind  is  very  useful  to  take  off  the  diagonals  and  per- 
pendiculars, to  prove  the  calculations;  but  by  no  means  will  I 
recommend  it  as  superior  to  the  plotting  scale  the  work  has  been 
laid  down  from,  notwithstanding  some  land-measurers  give  it  the 
preference  on  account  of  its  expedition  in  casting  up  the  contents 
in  fewer  figures  than  the  scale  the  enclosure  is  plotted  by.* 

The  first  figure  represents  a  meadow,  which  is  bounded  on  one 
side  by  a  brook  or  rivulet,  and  on  the  other  side  by  a  steep  bank, 


Mil      \Ji^^\^m\^y^\     i_i«o(«o}: 


%!'rr:/-^ 


*  There  are  eeveral  scales  contrived  for  this  purpose,  as  those  used  hy  the  Tithe 
Conunission,  &c. 


OF  AREAS.  181 

the  lower  part  of  which  is  very  winding.  To  divide  it  into  trape- 
ziams  and  triangles,  and  calculate  them  all  separately,  would  require 
more  time  than  a  practical  surveyor  might  conveniently  spare. 
The  best  and  most  expeditious  method  is  to  divide  it  into  a  number 
of  equal  distances,  suppose  each  division  a  chain  in  breadth ;  then 
with  a  pair  of  compasses  take  the  length  of  each  division  as  near 
the  middle  as  you  can  guess,  and  apply  that  extent  to  the  same 
scale  the  meadow  is  plotted  by,  and  note  how  far  it  measures  upon 
the  scale ;  insert  the  distance,  which  is  200,  as  you  will  perceive 
marked  on  the  figure  in  the  first  column  on  the  left  hand ;  do  the 
same  with  every  division,  and  set  down  the  distance  as  above  in 
each  respective  column ;  then  by  a  simple  sum  of  addition  the  area 
is  pointed  out  by  cutting  off  three  figures  on  the  right  hand ;  the 
figures  on  the  left  are  acres.  K  the  amount  of  the  figures  in  the 
columns  had  been  multiplied  by  the  breadth,  which  is  100  links, 
then  five  figures  must  have  been  cut  off.  The  total  sum  of  all  the 
lengths,  when  added,  is  6  acres  102  decimals ;  but  there  is  a  small 
piece  of  'OSftidecimals,  which  is  cast  up  by  multiplying  the  length 
by  the  breadth ;  when  added  to  6  acres  102  decimals,  it  makes  the 
whole  amoimt  6  acres  134  decimals  «  6  acres  0  roods  21  peirches. 
After  multiplying  the  decimals  *134  by  4,  and  then  by  40,  there 
remains  the  odd  21  perches. 

The  second  figure,  last  page,  represents  the  same  meadow  as  fig.  1 , 
with  the  contents  cast  up  by  a  method  more  expeditious,  viz.,  by 
dividing  it  into  equal  distances  of  two  chains  each,  and  instead  of 
ten  chains  being  an  acre,  as  fig.  2,  five  chains  is  a  scale  of  acres,  as 
may  be  seen  by  the  annexed  scale,  fig.  2,  p.  186,  (this  as  well  as  the 
other  is  plotted  from  a  scale  of  ^th  of  an  inch  to  a  chain.)  1st, 
From  the  plotting  scale  take  half  an  inch  or  two  chains  between 
the  compasses,  and  with  that  extent  divide  the  figure  into  equal 
distances ;  and  if  the  last  division  is  short,  the  length  and  breadth 
must  be  multiplied  into  one  another,  and  the  amount  inserted  in 
that  column ;  then  use  a  scale  half  the  size  of  the  plotting  scale, 
and  ten  chains  of  it  will  be  one  acre ;  apply  the  compasses  between 
the  brook  at  g  and  h  as  near  the  middle  of  each  column  as  you  can 
guess,  which  upon  the  scale  of  acres  of  five  chains  is  440  ;  place 
that  number  in  its  respective  column ;  take  off  all  the  other  squares 
or  columns  in  the  same  way,  and  insert  each  distance  in  its  respec^ 
five  column,  as  you  will  see  marked  on  the  figure ;  then  copy  all 
the  distances,  and  add  them  up,  which  amounts  to  6  acres  136 
decimals  «  6  acres  0  roods  21  perches. — Note^  K  aU  the  distances 
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had  been  taken  from  the  plottmg  Bcale,  and  die  mm  multiplied  by 
2,  it  would  have  given  the  amomit,  except  the  small  column,  whidi 
is  added  after  the  multiplication  by  2. 

The  third  figure  represents  the  same  meadow  as  fig.  1  and  fig.  2, 
in  which  the  area  is  ascertained  by  a  method  still  more  expeditious 
than  the  former,  and  equally  correct,  by  dividing  it  into  2^  chains, 
or  250  links  each  column ;  then  every  four  chains  or  one  inch  is  a 
scale  of  acres.  This  is  a  more  ready  scale  tiian  that  of  five  chains. 
Apply  the  compasses,  suppose  from  e  to  /,  and  note  how  much  it 
measures  upon  the  inch  scale,  which  is  582 ;  insert  tiiat  distance  in 
its  respective  column  or  square ;  do  the  same  with  all  the  other 
columns,  and  insert  the  distance  of  each  in  its  respective  column ; 
add  up  all  thoscf  distances,  and  the  smn  is  6  acres  125  decimals ; 
multiply  the  decimals  as  before  directed  by  4,  and  then  by  40, 
which  is  equal  to  6  su»*es  0  roods  22  perches. 

There  is  another  method  still  shorter  than  any  yet  mentioned, 
particularly  to  a  surveyor  who  can  use  the  compasses  expeditiously, 
by  taking  the  extent  of  four,  five,  or  six  columns  all  at  once,  and 
applying  that  extent  to  the  scale.  For  example,  put  one  foot  of  the 
compasses  at  the  side  of  the  rivulet  at  a,  fig.  1,  p.  180,  and  extend  the 
other  foot  up  to  5,  and  with  that  extent  put  one  foot  of  the  compasses 
at  the  side  of  the  brook  in  the  next  column  under  240,  and  the  other 
foot  next  you  will  reach  to  c  ;  keep  that  foot  in  c,  and  extend  the 
other  foot  over  the  meadow  to  the  bank  in  the  second  column ; 
then  with  the  same  extent  put  one  foot  of  the  compasses  at  the  edge 
of  the  rivulet  in  the  third  column  under  280,  and  the  point  of  the 
compasses  that  is  next  you  will  reach  to  d;  keep  that  point  of  the 
compasses  in  c2,  and  extend  the  other  to  the  bank  in  the  third  square 
or  column ;  then  put  qne  foot  of  the  compasses  at  the  edge  of  the 
brook  under  300  in  the  fourth  column,  and  the  foot  next  you  will 
reach  to  e  ;  keep  that  point  in  e,  and  extend  the  other  foot  to  the 
bank  in  the  fourth  column ;  then  put  one  foot  of  the  compasses  at 
the  edge  of  the  brook  in  the  fifth  square  or  column,  and  the  foot 
next  you  will  reach  to/y  keep  that  foot  in/,  and  extend  the  other 
foot  over  the  meadow  to  the  bank ;  then  apply  the  compasses  to 
the  scale  of  acres,  which  is  1320,  which  insert  in  the  fifth  column ; 
begin  again  at  column  sixth,  under  272,  and  proceed  in  the  same 
manner  till  you  take  in  the  length  of  six  columns,  which  is  1600, 
which  insert  in  the  eleventh  colunm ;  begin  again  at  the  edge  of 
the  rivulet  in  the  twelfth  column  under  290,  and  proceed  on  to  the 
eighteenth  column,  and  see  how  far  the  compasses  extend  upon  fche 
scale,  which  is  1860,  which  insert  in  the  eighteenth  square ;  begin 
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again  in  the  nineteenth  column  under  250^  and  proceed  in  the  same 
way  as  directed  in  the  first  fire  columns  to  the  last,  which  extends 
to  1320  on  the  scale  of  acres ;  add  up  all  the  numbers,  including 
the  small  piece  of  32  at  the  end,  and  the  sum  will  be  6*132  «  6 
acres  0  roods  21  perches. 

The  calculations  following  are  all  considerably  shorter  than  if 
the  meadow  had  been  divided  into  triangles  and  trapeziums,  (which 
is  the  common  method  of  finding  out  the  contents.  Figs.  2  and  3 
might  have  been  done  in  the  same  way  as  fig.  1. 

The  calculation  of  the  meadow  by  four  different  methods,  as 
under : — 


FbUMMhod 

Fim  Method 

SeooDd  Method 

Third  Method 

Fourth  Method 

rtien  to  Fig.  1. 

oontlniied. 

itliBntoFig.2. 

Nfento  Fif  8. 

refon  to  Fif .  1. 

1  Column  200 

Brought 

1  Column  440 

1  Column  582 

5  Column  1820 

2       ...      240 

up 8-652 

15  Column  210 

2       ...      580 

2       ...      780 

6      ...       1600 

8 

...      280 

8         .572 

8 

...     670 

6      ...       1860 

4 

...      800 

16       ...      260 

4       ...      504 

4 

...      680 

6      ...       1820 

5 

...      800 

17 

...      820 

5       ...      582 

5 

...      702 

litUepiece    82 

6 

...      272 

18 

...      840 

6       ...      584 

6 

...      500 

7 

...      252 

19 

...      250 

7       ...      440 

7 

...      770 

Total,    6182 

8 

...      252 

20 

...      180 

8       ...      450 

8 

...      591 

9 

...      252 

21 

...      180 

9       ...      660 

9 

...      600 

10 

...      280 

22 

...      240 

10       ...      480 

Uttlepiece  260 

11 

...      294 

23 

...      260 

11       ...      410 

12 

...      290 

24 

...      210 

12       ...      470 

Total,    6-185 

18 

...      240 

Utile  piece    82 

little  piece    64 

14 

...      200 

Totd,    6184 

Total,    6186 

8-652 

This  figure  is  a  semicircle,  the  diameter  of  which  is  720,  and  it 
is  divided  into  equal  distances  of  100  links  each  column.  The  sum 
of  the  divisions  when  added,  in- 
cluding a  small  segment  of  the 
circle  of  '026  decimals  or  part  of 
an  acre,  amounts  to  2 '034.  Land- 
surveyors  seldom  meet  with  rega- 
lar  curved  lines  in  practice;  it  is 
introduced  here  merely  to  show  that  the  dividing  of  curved  lines  into 
equal  distances  may  sometimes  be  made  use  of  with  success  for 
ascertaining  the  area.  Many  surveyors  seldom  think  of  calculating 
the  contents,  but  by  dividing  the  arc  as  near  as  they  can  guess  with 
their  eye,  either  into  a  triangle,  parallelogram,  or  trapezium,  by  in- 
cluding a  part,  and  excluding  another,  so  as  to  compensate.  By  this 
method,  a  person  with  a  correct  eye  can  attain  exactness  even  beyond 
conception.     Square  the  diameter  720  x  720^  which  is  51840  and 
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51840  X  -7854,  aadeBcribed  in  page  170,  which  amount8to4-07151 
for  the  area  of  a  circle,  the  half  of  it  is  2-03575  for  the  content  of 
the  semicircle.  It  would  have  turned  out  the  same  thing,  in  place 
of  squaring  the  diameter,  to  have  multiplied  the  half  of  it,  which  ia 
360,  into  the  whole  diameter  :  thus  720  x  360  is  259000,  which 
again  x  -7854  -  203575,  or  2  acres  0  roods  5  falls. 

This  figure  represents  a  bog  meadow,  with  two  pieces  of  dry 
arable  land  Burrounded  by  tbe  bog.    The  only  correct  and  expe- 


ditious method  of  ascertaining  the  area  is  by  dividing  it  into  distances 
of  100  links  each,  as  in  fig.  1,  page  180,  formerly  explained.  The 
parallel  lines  should  be  drawn  in  upon  tlie  rough  plan,  either  with 
red  ink  or  a  black-lead  pencil  through  the  whole  figure.  It  is  pre- 
sumed, from  what  has  already  been  said,  this  method  will  appear 
very  evident.  It  is  done  by  taking  a  number  of  lengths  of  the 
different  columns,  and  applying  the  whole  extent  to  the  plotting 
scale,  1000  then  becomes  an  acre  ;  you  insert  the  number  of  acres 
and  decimals  of  an  acre  in  the  columns,  and  add  them  up  into  one 
sum ;  then  go  over  the  two  pieces  of  arable  land  in  the  same  way, 
and  if  there  are  any  comers  or  small  pieces  that  do  not  occupy  the 
whole  breadth  of  a  column,  take  the  length  and  breadth  of  them, 
and  multiply  the  length  by  the  breadth,  and  insert  the  deomals  in 
their  proper  places  on  the  rough  plan :  when  all  ia  gone  over,  add 
each  spot  of  the  arable  land  together,  and  subtract  the  sum  &om 
the  total. 

Suppose  you  begin  at  a,  and  extend  the  foot  of  the  compasses 
to  h ;  then  remove  the  compasses  to  the  low  end  of  the  second 
column,  and  make  a  mark  with  the  point  next  you ;  keep  one  foot 
of  the  compasses  in  that  mark,  and  extend  the  other  to  the  upper 
part  of  the  column  over  both  the  bog  and  arable  ground ;  do  the 
same  in  every  column  (or  square)  till  you  take  in  the  seventh  square, 
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and  apply  the  extent  between  the  compasses  to  the  scale  of  acres, 
which  is  2*340  acres,  which  insert  in  the  column  left  off  at ;  begin 
again  in  the  next  column,  and  take  in  five  more  of  the  divisions, 
and  apply  the  extent  to  the  scale  of  acres,  which  is  2*020  acres, 
which  also  insert  in  the  column ;  lastly,  take  the  length  of  the  next 
colunm,  which  is  250  parts  of  an  acre ;  add  them  all  up  into  one 
sum,  which  is  4*610  acres.  The  next  thing  to  be  done  is  to  take 
the  length  and  breadth  of  the  small  square  on  the  left  in  the 
arable  land,  which,  when  multiplied,  the  product  is  *098,  which  in- 
sert ;  then  take  the  length  and  breadth  of  the  small  piece  on  the 
right  hand,  and  multiply  them,  and  the  product  is  *040 ;  add  those 
distances  to  the  amount  of  the  other  columns,  which  is  *980,  and 
that  piece  of  arable  land  is  1*118  acres ;  begin  again  on  the  other 
piece  of  arable  land  in  the  middle  of  the  bog,  and  take  the  length  and 
breadth  of  the  left  Band  small  piece,  and  multiply  the  length  by  the 
breadth,  which  is  *072  parts  or  decimals  of  an  acre,  which  insert  in 
that  column ;  begin  again  at  a,  and  extend  the  compasses  ovej^the 
arable  land ;  then  put  one  foot  in  6,  and  make  a  mark  towards 
yourself,  and  extend  the  compasses  from  that  mark  to  the  far  side 
of  the  arable  land ;  then  put  one  foot  of  the  compasses  in  c,  and  let 
the  other  foot  extend  towards  yourself,  and  make  a  mark ;  then 
extend  the  other  foot  over  the  arable  land,  and  apply  the  compasses 
to  the  scale  of  acres,  which  is  *650  parts  of  an  acre,  which  insert  on 
your  rough  plan ;  then  take  the  length  and  breadth  of  the  small 
piece  on  the  right  hand  and  multiply  them  together,  and  the  pro- 
duct is  *065  decimals  of  an  acre ;  add  all  the  three  distances  together, 
and  the  sum  '787  decimals  of  an  acre;  then  add  the  amount  of  this 
piece  of  arable  land  to  the  other  piece  of  arable  land,  and  the  sum 
is  1*905,  which  subtract  out  of  the  total  sum,  which  is  4*610  acres, 
and  there  remains  2*715  acres  of  bog  meadow,  "=»  2  acres  2  roods 
34  perches ;  and  the  sum  of  the  two  pieces  of  arable  land  is  1  acre 

3  roods  25  perches. 

From  what  has  been  stated,  and  the  variety  of  methods  pointed 
out  of  calculating  the  contents  or  areas  of  land,  although  some  of 
them  may  at  first  view  appear  a  little  complicated  to  a  learner,  yet 
I  entertain  little  doubt  that,  aftier  a  minute  and  strict  examination 
of  them,  with  a  little  practice  and  a  careftd  inspection  of  the  figures 
in  this  work,  he  will  be  enabled,  in  a  short  time,  to  cast  up  the  con- 
tents with  expedition  and  accuracy  of  regular  as  well  as  the  most 
irregular  fields  to  be  met  with  in  practice.  Numerous  valuable 
treatises  have  been  published,  but  have  seldom  gone  farther  than 
illustrating  straight  lines,  triangles,  trapeziums,  and  fig^ures  of  five, 
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six,  seven,  or  eight  sides,  and  are  in  general  deficient  for  giving  a 
beginner  a  just  idea  of  all  the  varieties  he  may  expect  to  meet  with 
in  practice.  It  is  well  known  that  many  estates  are  bounded  by 
very  crooked  lines,  curved  boundaries,  and  many  serpentine  turns 
and  windings  are  frequently  met  with  in  the  interior  parts  of 
grounds.  This  has  induced  me  to  g^ve  rather  a  detailed  account  of 
one  of  the  most  useful  parts  of  surveying.  The  equalising  of  irre- 
gular boundaries,  to  facilitate  the  calculations,  and  which  has  not 
been  as  yet  thoroughly  explained,  will  be  found  not  only  expedi- 
tious, but  correct,  even  to  a  nicety,  in  reducing  irregular  boundaries 
to  straight  lines — which  land-surveyors  ought  to  make  themselves 
masters  of,  particularly  in  dividing  a  crooked  march  or  boundary 
betwixt  the  proprietors  of  two  adjacent  farms,  who  wish  to  have  a 
straight  boundary  in  preference  to  a  zigzag  one ;  and  this  a  surveyor 
may  sometimes  have  occasion  to  do. 

Tlhifl  figure  represents  a  scale  of  acres,  where  each  division  is 
100  links  or  a  chaiii  wide.  Ten  of  those  divisions  make  1  acre, 
twenty  make  2  acres,  thirty  make  3  acres,  and  so  on. 

1 
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This  figure  represents  a  scale  of  acres,  where  each  division  is  200 

links  or  2  duuns  wide.     Ten  of  the  small  divisions  on  the  scale 

2 
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then  become  an  acre,  twenty  make  2  acres,  thirty  make  3  acres, 
and  so  on. 

This  figure  represents  a  small  scale  of  acres,  where  each  division 
is  250  links  wide ;  ten  of  the  small  divisions  on  the  scale  make  1 
acre,  twenty  make  2  acres,  and  so  on. 

a 
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For  example,  take  any  length  you  please,  suppose  an  inch  and 
a  half,  between  your  compasses,  and  apply  that  extent  to  any  of 
the  scales  of  acres,  suppose  to  the  scale  of  four  chains  in  an  inch, 
which  will  reach  to  600  decimals  of  an  acre :  or,  if  you  apply  the 
same  extent  to  the  scale  of  acres  of  250  links  wide,  it  will  extend 
to  1500,  which  is  equal  to  1  acre  and  500  decimals  of  an  acre. 

Again,  if  you  apply  the  same  extent  to  the  scale  of  acres  of  200 
links  wide,  it  will  reach  to  1225,  or  1  acre  and  225  decimals  of  an  acre. 
These  scales  have  been  reduced  to  two-thirds  of  their  original  size. 
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ART,  II.-.EQUALISING  DIFFERENT  FIGURES  TO  REDUCE 

THEM  TO  TRIANGLES,  &o. 


Suppose  the  four-sided  square  A  B  C  D  is  to  be  reduced  to  a 
triangle  whose  area  will  be  the 
same.  1^^,  Produce  or  extend 
one  of  the  sides,  suppose  A  D ; 
then  lay  a  parallel  ruler  or  the 
T  square  with  its  companion 
upon  the  points  B  and  D,  and 
move  it  parallel  to  C  ;  and  where 
the  edge  of  the  ruler  crosses  the 
produced  line,  make  a  mark  as  at  E ;  then  draw  the  line  E  B,  and 
it  is  done.  It  would  be  the  same  thing  if  you  pricked  off  upon  the 
produced  line  the  length  of  one  of  the  sides,  suppose  A  D,  by 
putting  one  foot  of  the  compasses  in  D,  the  other  will  extend  to  E ; 
draw  the  line  E  B,  and  it  wiU  be  the  same  as  the  former. 

Suppose  the  four-sided  figure  abed  ib  to  be  reduced  to  a  tri- 
angle whose  area  will  be  equal  to  the  parallelogram.  Istj  Produce 
the  line  a  5,  lay  the  T  square 
upon  the  points  d  and  i,  and 
move  it  parallel  to  c,  and  make 
a  mark  upon  the  produced  line 
ab  Bie  ;  lastly,  draw  the  liue 

e  dj  and  it  is  done.  Obr  you  may  take  the  length  of  a  &,  and  put  one 
foot  of  the  compasses  in  &,  and  the  other  will  reach  to  e,  on  the 
produced  line ;  then  draw  the  hypotenuse  as  before. 

Suppose  the  foiUHsided  figure  (called  a  rhomboid)  is  to  be  reduced 
to  a  triangle,  whose  area  will  be  equal  to  the  figure/^  h  i;  extend 
the  line  /^,  and  lay  the  T  square 
upon  the  points  g  and  i ;  move  it 
parallel  to  A,  and  make  a  mark 
where  the  edge  of  the  T  or  parallel 
ruler  cuts  the  produced  line/^,  and 
make  a  mark  upon  the  produced  line  at  k  ;  then  draw  the  line  k  i, 
which  will  be  the  same  area  as  the  rhomboid. 
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Let  the  figure  mnop  he  reduced  to  a  triangle  whose  area  will 
be  equal  to  the  trapezium.  1^^, 
Extend  the  line  mp;  then  lay  the 
ruler  upon  the  points  p  and  n,  and 
move  die  T  or  a  parallel  ruler  paral- 
lel to  Oy  and  make  a  mark  where  the 
edge  cuts  the  produced  line  at  q; 
then  draw  the  hypotenuse  from  q 
to  n,  and  it  is  finished. 

Let  the  figure  rstuv^ot five  sides,  be  reduced  to  a  triangle 
whose  area  will  be  the  same  as  the  figure.  Istj  Produce  the  line 
V  r  both  ways ;  that  is  to  say,  past 
r  on  the  left  and  past  v  on  the 
right ;  then  lay  the  T  upon  r  and 
/,  and  move  it  parallel  to  5,  ard 
make  a  mark  upon  the  produced 
line  on  the  left  at  x  ;  then  lay  the 
T  upon  the  points  v  and  t^  move  it  parallel  to  u,  and  make  a  mark 
on  ^e  produced  line  on  the  right  at  w  ;  then  draw  the  hypotenuse 
line  X  tj  and  also  the  line  tto;  and  the  triangle  will  be  equal  to 
the  five-sided  figure  rstuv. 

Let  the  six-sided  figure  abcdefhe  reduced  to  a  triangle  of  the 
same  dimensions  or  area.  Istj  Produce  or  extend  the  base  af  to 
the  left  of  a  and  to  the  right  of/, 
then  lay  the  parallel  ruler  or  T  upon 
the  angles  a  and  c,  and  move  it 
parallel  to  &,  and  make  a  mark  upon 
the  produced  line  on  the  left  of  a  at 

h;  Aen  lay  the  ruler  upon  the  mark  *  ^  «  / 

at  h  and  the  point  dj  and  move  it  forward  to  the  point  c,  and 
where  the  edge  of  the  ruler  cuts  the  produced  line  make  a  mark, 
at  %  ;  then  lay  the  parallel  ruler  or  T  upon  the  point/*  and  dj  and 
move  it  parallel  to  e/  and  where  the  edge  of  the  ruler  cuts  the 
extended  line  on  the  right  of/  make  a  mark  Big ;  lastly,  draw 
in  the  hypotenuse  from  i  to  d  and  from  d  to  ^,  and  extend  the 
base  from  ftog  and  from  a  to  t,  and  it  is  finished. 

This  is  a  seven-sided  figure,  iklmn  op.  First  extend  the  base 
ip  a  considerable  way  on  the  right  past^,  and  apply  the  ruler  or  the 
T  to  p  and  n;  move  it  parallel  to  o,  and  where  the  edge  of  the 
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ruler  cuts  the  base  line  at  1  make  a  mark ;  then  lay  the  parallel 

ruler  upon  the  mark  1  and  the  angle  at  m  and  move  it  parallel 

to  n  /  and  make  a 

mark    where    the       * 

edge  of  the   ruler 

crosses  the  extended 

line  at  2  ;  then  lay 

the  ruler  upon  the 

mark    2    and    the  — 

angle  Z,  and  move 

it  parallel  to  m,  and  where  the  edge  cuts  the  produced  line, 

make  a  mark  at  3 :  then  lay  the  ruler  upon  the  mark  3  and  the 

angle  A,  and  move  it  parallel  to  l]   make  a  mark  upon  the 

extended  line  at  4 ;  then  draw  the  hypotenuse  from  k  to  the  mark 

at  4y  and  the  triangle  is  formed ;  which  reduces  the  seven-sided 

figure  iklmnop  to  a  three-sided  one  whose  content  is  the  same,  and 

may  be  calculated,  as  all  other  triangles  are  done,  by  multiplying 

the  hypotenuse  by  half  the  perpendicular  let  fall  thereon  from  the 

opposite  angle  I, 

This  figure  is  an  irregular  field  of  ten  sides  to  be  reduced  to  a 
four-sided  figure.  First  produce  the  line  K  A  past  A ;  then  lay 
the  parallel  ruler 
or  the  T  square 
upon  the  points 
A  and  C,  and 
move  it  parallel 
to  B ;  where  the 
edge  of  the  T 
crosses  the  pro- 
duced line,  make 
a  mark  as  at  1 ; 
then  draw  a  Une 
from  the  mark  1 
through  the  angle 
C,  which  extend 
past  C ;  then  lay 
the  T  upon  C  and 
E,  and  moye  it 
parallel  to  D ;  make  a  mark  at  2,  on  the  extended  line  1  C ;  then 
lay  the  T  upon  the  mark  2  and  the  angle  F,  and  move  it  parallel  to 
E,  and  where  the  edge  cuts  the  extended  line  make  a  mark  at  3, 
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on  the  produced  line  1  C  ;  then  lay  the  parallel  ruler  or  T  upon  the 
mark  3  and  the  angle  G,  And  move  it  parallel  to  the  angle  F,  and 
where  the  edge  cuts  the  extended  line  1  C  make  a  mark  at  4 ;  then 
draw  the  line  from  the  mark  4  through  the  angle  G,  which  produce 
past  G ;  this  will  reduce  the  four  sides,  CD,  DE,  EF,  and  FG,  to 
one  side ;  then  apply  the  T  to  the  angles  G  and  I,  and  more  it 
parallel  to  H,  and  where  the  edge  cuts  the  line  4  G  make  a  mark 
as  at  5 ;  then  lay  the  ruler  upon  the  mark  5  and  the  angle  K,  and 
move  it  parallel  to  the  angle  I,  and  where  the  edge  cuts  the  pro- 
duced line  4  G  make  a  mark  at  6 ;  then  draw  the  line  from  6  to 
K  and  the  short  line  fit>m  A  to  1,  which  reduces  the  ten-sided  figure 
to  one  of  four  sides,  which  is  calculated  by  dividing  it  into  2 
triangles,  or  one  trapeadum,  as  is  drawn  in  on  the  figure  by  a  dia- 
gonal and  perpendiculars  let  fall  thereon. 

This  figure  represents  a  very  irregular  boundary,  which  it  is  pro- 
posed to  reduce  to  one  mean  line  by  equalising  the  different  sides. 


45 
1 


90     «       80      140 


in     14tf     100       60      IS       to       «0        70     M0       SO      S80    171 


1st,  Extend  the  line  H  A  below  A ;  then  lay  the  parallel  ruler 
upon  the  points  A  and  c,  and  move  it  parallel  to  b;  where  the 
edge  of  the  ruler  cuts  the  produced  line  below  A  make  a  mark  as 
1 ;  then  lay  the  ruler  upon  the  mark  at  1  and  the  angle  e2,  move  it 
parallel  to  c,  and  make  a  mark  at  2  on  the  dotted  line  A  H  ;  then 
lay  the  ruler  upon  the  mark  2  and  the  angle  e,  move  it  parallel  to 
dj  and  make  a  mark  upon  the  dotted  line  at  3 ;  then  lay  the  ruler 
upon  the  mark  3  and  the  angle  ^^  move  it  parallel  to  6,  and  make 
a  mark  upon  the  dotted  line  at  4 ;  then  lay  the  ruler  upon  the 
mark  4  and  the  angle  at  y,  and  move  it  parallel  to^  making  a 
mark  at  5  on  the  produced  line  below  A ;  then  lay  the  ruler  upon 
the  point  5  and  B,  and  move  it  parallel  to  the  angle  ff^  and  make  a 
mark  upon  the  dotted  line  at  6;  then  draw  the  line  through  the 
mark  6  to  B,  which  equalises  the  boundary  line  of  7  sides  to  one 
line ;  and  the  triangle  may  be  cast  up  by  one  calculation,  which 
will  amount  to  2  acres  1  rood  29  perches. 
Another  method  may  be  used  for  ascertaining  the  contents  of 
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the  above  figure,  which  is,  bj  dividing  it  into  equal  divisions  of 
100  links  wide.  In  that  case,  10  chains  in  length  is  one  acre ;  the 
length  of  each  column  is  set  down  under  it  in  decimals  of  an  acre ; 
when  thej  are  added  together,  the  sum  amounts  to  2.424,  which  is 
equal  to  2  acres  1  rood  28  perches.  The  method  of  dividing 
irregular  fields,  like  the  above,  bj  equal  distances,  is  particularly 
described  in  Areas;  whidi  will  be  found  the  most  expeditious 
method  of  finding  the  contents  of  such  irregular  boundaries  as  this 
figure. 

This  is  the  same  irregular  figure  of  8  sides  divided  into  six  tri- 
angles, which  are  all  calculated  separately,  and  which,  when 


summed  up,  amount  to  2  acres  1  rood  28  perches,  the  same  as  the 
other,  which  is  calculated  by  equal  divisions  of  100  links  each. 

This  figure  represents  another  method  of  calculating  the  same 
figure,  namely,  by  dividing  into  three  triangles  a%i  four  trapeziums. 


The  content  turns  out  much  the  same  as  the  others  when  the  differ- 
ent calculations  are  added  up  in  one  sum. 

There  are  other  methods  than  those  that  have  already  been 
defined  for  the  calculations  of  triangles,  trapeziums,  squares,  and 
irregular  figures,  to  find  out  the  contents;  but  none  of  them 
deserve  notice  except  the  following  : 

Many  surveyors  draw  lines  with  red  ink  all  over  their  rough 
plans,  squares  of  equal  distances,  each  of  which  they  make  316i^ 
links  each  side ;  then  each  square  becomes  an  acre,  which  they 
number ;  and  from  these  calculate  all  the  small  pieces,  which  they 
either  add  or  deduct  according  as  they  are  either  within  or  without 
the  squares.    K  the  amount  of  the  whole  corresponds  nearly  to  a 
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former  calculation,  they  rest  satisfied  that  their  calculation  is  right. 
J£  they  do  not  agree,  the  surveyor  examines  the  different  fields  by 
the  number  of  squares  in  each  field  till  he  finds  out  his  error,  and 
then  recalculates  that  field  over  again  where  a  wrong  calculation 
has  been  committed. 

A  good  method  of  casting  tip  the  contents  and  proving  the  cal- 
culations of  triangles,  trapeziums,  squares,  or  irregular  figures,  is 
by  a  table  of  logarithms,  which  is  done  in  the  following  manner  : 

Suppose  the  square,  fig.  page  168,  each  side  of  which  is  800 
links, — 

Look  for  that  number  in  the  left  hand  column  in  a  book  of 

logarithms,  and  oppoalte  it  is  .  .  .        2.90309 

Iiook  again  for  the  same  number,  800,      ....        2.90809 


The  sum  is,  ...  .        5.80618 

The  index  being  five  denotes  that  you  have  six  figures  in  the 
sum,  and  if  the  index  had  been  six,  there  would  have  been  seven 
figures  in  the  sum,  and  so  on ;  the  index  always  reckoning  one 
figure  less  than  the  sum. 

Then  look  for  the  above  logarithm  5.80618,  paying  no  regard  to. 
the  index  5,  and  opposite  .80618  in  the  left  hand  column  under 
numb,  you  will  fin^  6400*;  to  which  add  2  cyphers,  the  index  being 
6  ^ves  6.40000  *  =  6  acres  1  rood  24  perches. 

Again,  suppose  the  parallelogram  Plate  II.  fig.  7,  which  is  1167 
links  long  and  305  wide ; 

Look  what  logarithm  is  opposite  1167,  and  you  will  find  3.06707 

Look  what  logarithm  is  opposite  305,  and  you  will  find  2.48430 


5.65137 


Then  look  what  number  is  opponte  the  logarithm  of  .55137, 
paying  no  regard  to  the  index  5,  which  denotes  that  there  are  6 
figures  in  the  sum ;  the  nearest  number  to  the  logarithm  of 
5.55137  is  3559 ;  to  which  add  2  cyphers,  and  cut  off  5  figures  on 
the  right  hand,  and  there  remains  3.55900  :=  3  acres  2  roods 
9  perches. 

*  Since  the  logarUKm  of  100000  square  links,  the  content  of  an  acre,  is  5.0000000 
it  has  been  the  practice  of  the  editor  in  such  calculations  to  r^ect  5  from  the  index; 
that  is,  dividing  by  100000,  the  remaining  logarithm  will  g^ve  the  area  in  acres  and 
decimals.  Lalande's  small  collection  of  tables,  bound  up  with  a  tuck,  is  the  most 
ponyenient  for  this  purpose  from  its  portability. 
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Again,  suppose  the  diagonal  of  a  trapezium  to  be  2200  links,  and 
the  half  sum  of  the  perpendiculars  840 : 

Look  what  loguiihm  is  opposite  2200,  and  you  will  find  .        8.84242 

Again  look  what  logarithm  is  opposite  840,  and  you  will  find  2.92428 


6.26670 


Then  look  what  number  is  opposite  .26670,  and  you  will  find 
1848 ;  to  which  add  3  cyphers.  The  index  being  6  denotes  that 
7  figures  are  in  the  sum ;  and  when  5  figures  are  cut  off  on  the 
right,  there  remain  18  acres,  48000  decimals  =18  acres  1  rood 
37  perches  nearly. 

It  sometimes  occurs  that  the  logarithm  of  a  number  is  not 
exactly  found  in  the  tables.  In  that  case,  look  for  the  next^less 
logarithm,  and  subtract  it  firom  the  given  logarithm  ;  then  look  for 
the  next  greater  logarithm,  and  subtract  the  next  less  one  fi*om  it ; 
then  divide  it  by  the  difference  of  the  greater  and  less  logarithm 
found  in  the  table.  Thus,  suppose  the  diagonal  of  a  trapezium  to 
be  8748,  and  the  half  sum  of  the  perpendicular  4644 ; 

Look  for  the  logarithm  opposite  8748  links,  and  opposite  it  is  8.04191 

Then  look  for  the  logarithm  opposite  4644  links,  and  opposite  it  is    8.66680 


Given  logarithm,  .  •  .        7.60880 

Then  look  what  number  is  opposite  the  logarithm  of  .60880,  which 
is  4062,  being  4  of  the  figures  sought ;  the  index  being  7,  shows 
that  8  figures  are  in  the  sum. 

The  logarithm  being  not  exactly  found  in  the  table,  you  must 
subtract  the  next  less  logarithm  from  the  given  logarithm ;  thus — 

The  giyen  logarithm  is  ....        60880 

The  next  less  is  .....  .        60874 


The  difference  is  6  for  the  dividend,  ...  6 

To  which  add  4  cyphers,  .  .  .  .  6.0000 

Then  the  next  lazger  logarithm  is  60885 

Subtract  the  next  lees  logarithm,  60874  • 


Diyide  by  the  remainder  11)6.0000(6454,  annex  this  sum 

to  4062  and  it  will  be  406.25454^406  acres  1  rood  1  perch  nearly. 

It  is  unnecessary  to  carry  the  decimals  so  far  in  practice. 

When  the  side  of  a  square,  the  sides  of  a  rectangle,  or  the  base 
and  perpendicular  of  a  triangle,  are  given  to  find  the  area,  loga- 
rithms are  almost  unnecessary.    Their  chief  advantage  arises  when 
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the  three  sides,  two  sides  and  contained  angle,  or  two  angles  and 
adjacent  side  of  triangles,  are  given  to  find  the  area. 

1.  To  find  the  area  of  a  triangle  when  the  three  sides  are  given. 
Bule. — Add  the  three  sides,  and  take  half  the  sum.     From  the 

half  sum  subtract  each  side  successively,  then  multiply  the  half  sum 
and  the  three  remainders  together ;  the  square  root  of  the  product 
will  be  the  area  of  the  triangle. 

In  using  logarithms,  add  the  logarithm  of  the  half  sum  and 
those  of  the  three  remainders  together;  half  the  sum  of  these  four 
logarithms  will  be  the  logarithm  of  the  area. 

2.  To  find  the  area  of  a  triangle  when  two  sides  and  the  con- 
tained angle  are  given. 

Mule, — Multiply  the  natural  sine  of  the  contained  angle  by  each 
of  the  sides  successively ;  half  the  product  vnll  be  the  area. 

By  logarithms.     To  the  constant  logarithm  of  ^  or  0*5,  add  the  | 

logarithmic  sine  of  the  contained  angle  and  the  logarithms  of  the  ' 

sides;  the  sum  will  be  the  logarithm  of  the  area.  . 

3.  To  find  the  area  of  a  triangle  when  the  two  angles  and  inter- 
jacent side  are  given. 

Mule, — ^Multiply  the  sines  of  the  two  angles  together,  the  cosecant 
of  the  sum  and  the  product  by  the  square  of  the  interjacent  side ; 
half  the  continued  product  will  be  the  area.  I 

By  logarithms.  To  the  constant  logarithm  of  ^  or  0*5  add  the 
logarithmic  sines  of  the  given  angles,  the  logarithm  cosecant  of  the 
sum  and  twice  logarithm  of  the  inteijacent  side;  the  sum  will  be  the 
logarithm  of  the  area  in  square  measure,  of  the  same  name  as  that 
of  the  lineal  in  which  the  sides  were  taken. 

Exan^le  1.  Given  the  three  sides  of  a  triangle,  ABC,  namely, 
A  B=  1900  links,  BC=  1230,  and  A  0=1620;  required  the  area? 

ABsl900  Half  sum  2375  2375  2875 

AC  »  1620  AB»  1900  AC«1620  BC«-1280 

B  C «  1280  

l8t  diff.  476  2d  «    755  8d  —  1145 

Sums  4750 
Half  a  2875 

2375  X  475  x  755  x  1145«  975,235,859^75,  of  which  the  squaro  root  is 
987,540  square  links,  nearly  the  area  required. 

Dividing  987,540  by  100,000,  the  number  of  square  links  in  an 
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acre,  which  is  done  by  pointing  oflFfive  figures  from  the  right  as 
decimals;  those  at  the  left  are  integers. 

The  dedmals  may  be  converted  into  roods  hj  multiplying  by  4, 
and  the  remaining  decimal  reduced  to  poles  by  multiplying  by  40 ; 
and,  finally,  if  thought  necessary,  the  last  decimal  may  be  reduced 
to  square  feet  by  multiplying  by  30^.     Thuj9 — 

9.87540 
4 


8.50160 
40 

20.06400 
dOi 


192000 
1600 


.    1.98600 

Henoe  the  area  is  9a.  8b. 

20  p. 

,  and  1.986  square  yards. 

BY  LOGARITHMS— 

AB    -.1900-c 

AC    »1620»& 

%C     » 1280  s  a 

Sf  »  4750 

i   a  2875  log. 

•                       •                       •                       • 

• 

8.875664 

*-c    «    476  — 

•                       •                      •                       • 

• 

2.676694 

i— »    —   755  — 

*                      •                      •                      • 

• 

2.877947 

«— •   a  1145  — 

• 

Sum,  rejecting  10 
log. 

8.056805 

- 

« 1^89110 

Axm,   9.8754  teem,     . 

0.994555  half: 

Hcample  2.— Given  the  side  A  B=667  links,  the  side  A  C=866 
Jinks,  and  the  contained  angle  B  A  C  =  SS"  43'  30",  requured  th^ 
area  in  acres. 

Here  the  result  is  obtained  by  dividing  by  100,000  and  by  2,  or 
by  200,000  at  once,  as  is  easily  inferred  from  the  rule.  But,  instea4 
of  subtracting  the  log.  of  200,000,  its  arithmetical  comj^ment 
may  be  added  from  the  nature  of  logarithms.  The  log.  of  2,000,000 
is  5-3010300,  which,  subtracted  from  10,  leaves  4.6989700,  the 
arithmetical  complement. 
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Constant  logarithm^  .....  4.6989700 

Contained  angle  BAG —  SSMS' 80"  log.  sine.  9.9987900 

ABb  667  links, log.  2.8241258 

A  C » 866  links,     .  .  .  .log.  2.9876179 


AreRi-2.880074  in  aorea  (sum  rejecting  20)  •-       .  .  0.4594087 

Converting,  if  neoeasaiy,  the  decimal  into  roods  and  poles,  the  whole  wiU 
be  2  a.  8  b.  20.8  poles. 

Example  3. — ^Let  the  two  angles  of  a  triangle  be  A=74^  58'  18% 
the  angle  B  r^SO*"  5'  54",  and  the  inteijacent  side  A  B=2574  links; 
required  the  areti  in  acres. 

Constant  logarithm  as  before,  ....        4.6989700 

A-74«  58'   18'' log.  sine, 9.9848862 

Bs59      5    54    log.  sine,     .....        9.9885126 


A+Ba-184      4    12   cosecant,    .           .       ^   .  0.1485789 

ABb  2574  log.  X  2» 6.8212170 


Area  »  88.209  acres,  log., 1.5821647 

«  88  a.  Ob.  88.44 p. 

The  following  tables  for  turning  perches  into  acres,  roods,  and 
perches,  poles,  or  falls,  by  inspection,  are  frequently  made  use  of 
for  finding  out  where  a  mistake  may  have  been  made  in  the  first 
calculation.  It  is  done  by  making  a  scale  of  perches  answering  to 
the  plotting  scale  by  which  the  plan  has  been  protracted  and  laid 
down,  which  will  come  very  near  the  truth.  For  example,  a  perch- 
pole  or  fall  is  25  links :  take  2500  links  from  your  plotting  scale, 
and  divide  that  length  into  10  equal  divisions;  each  of  those 
divisions  will  be  10  perches ;  then  divide  either  the  right  or  lefl 
hand  division  into  10  equal  parts,  and  each  of  those  divisions  will 
be  one  perch  in  length  or  breadth.  With  a  pair  of  compasses  take 
off  the  length  of  the  base  of  a  triangle,  and  apply  it  to  the  above 
scale  of  perches,  which  will  show  how  many  perches  it  is  in  length: 
take  half  the  length  of  the  perpendicular  and  dcf  the  same.  Sup- 
pose the  length  of  the  base  is  50  perches,  and  the  half  of  the  per- 
pendicular is  9  perches  or  falls,  look  for  50  in  the  lefi-hand  column, 
and  for  9  at  the  top ;  then  with  your  eye  trace  the  line  of  50  till 
you  are  immediately  under  9  at  the  top,  and  in  that  column  you 
will  find  2  acres  3  roods  and  10  perches. 

Again,  suppose  you  have  a  trapezium,  the  diagonal  of  which  is 
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220  perches  in  length,  and  the  half  sum  of  the  perpendicular  is  80 
perch( 


A.       R.     P. 

Flnt  look  out  for  200  in  the  left-hand-  column,  and  opposite  it» 

under  80j  is  .  .  100    0    0 

Then  look  out  for  20  in  the  left-hand  column,  end  under  80  you 

will  find  .  .  ^  •  10    0    0 


The  sum  is  the  nMont  110    0    0 


Again,  suppose  you  have  a  triangle  the  base  of  which  is  19 
perches  and  a  half,  and  the  half  of  the  perpendicular  is  8  perches — 

A.  T.  r. 

Look  out  for  19  perches  in  the  left-hand  column,  and  under  Sis       0  8  82 
Then  for  the  half  perch  look  for  1  at  the  top,  and  take  the  half 

of  8,  which  is  4,  in  the  left-hand  column,  and  you  will  find           0  0  4 


0    8    8« 


All  others  are  done  in  the  same  manner,  and  need  no  farther 
illustration. 

The  foUowing  tables  and  scale  wiU  be  found  useful  to  gentlemen 
that  haye  plans  of  their  property,  if  they  wish  to  know  the 
quantity  of  ground  in  any  divisions  they  hare  made  or  intend  to 
make  on  their  grounds. 
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CALCULATION  OF  AREAS. 


PROM  1  TO  8  PERCHES,  POLES.  OR  FALLS  WIDE. 

1 

2 

8 

4 

5 

6 

7 

8 

PelM.er 
Valtokmg. 

Do.  wide. 

Do.  wide. 

Do.  wide. 

Do.  wide. 

Do.  wide. 

Do.  wide. 

Do.  wide. 

Doh  wide. ' 

A    K     P 

A  R   p. 

A  m     p 

A    R    P 

A    R     P 

A    R    P 

A     R    P 

A    R    P 

1 

0  0    1 

0  0    8 

00    8 

00    4 

00    5 

00    6 

00    7 

0  0    8 

s 

0  0    3 

0  0    4 

00    6 

0  0    8 

0  0  10 

0  0  13 

0  0  14 

0OM 

3 

0  0    8 

0  0    6 

00    9 

0  0  19 

0  0  15 

0  0  18 

00  21 

0094 

4 

0  0    4 

0  0    8 

0  0  18 

0  0  16 

0  0  90 

0094 

0038 

0083 

6 

00    b 

0  0  10 

0  0  16 

0  080 

0025 

0080 

0  0  85 

0  10 

6 

0  0    6 

0  0  13 

0  0  18 

0  0  34 

0030 

0  0  36 

0  1    8 

0  18 

7 

00    7 

0  0  14 

0  0  81 

0088 

0035 

0  13 

0  19 

0  1  16 

8 

00    8 

0  0  16 

0  0  84 

0  033 

0  10 

0  18 

0  1  16 

0  1  34 

9 

00    9 

0  0  18 

0097 

0086 

0  1    6 

0  1  14 

0  1  S3 

0  133 

19 

0  0  10 

0  0  30 

0030 

0  1    0 

0  1  10 

0  1  20 

0  1  30 

08    0 

11 

0  0  11 

0093 

0033 

0  1    4 

0  1  15 

0  1  86 

0  1  37 

09   8 

13 

0  0  13 

0  0  84 

0036 

0  18 

0  1  80 

0  1  82 

08    4 

0  9  16 

IS 

0  0  1$ 

0086 

0089 

0  1  13 

01  85 

0  1  38 

0  8  11 

0994 

14 

0  0  14 

0088 

0  19 

0  1  16 

0  1  80 

08    4 

0  8  18 

0933 

15 

0  0  15 

0080 

0  15 

0  1  90 

01  35 

0  8  10 

0885 

0  3    0 

16 

0  0  16 

0083 

0  18 

0  1  94 

0  3    0 

0  8  16 

0  8  38 

03    8 

17 

0  0  17 

0  0  34 

0  1  11 

0  1  98 

0  3    5 

0  323 

0239 

0  3  16 

18 

0  0  18 

0086 

0  1  14 

0  1  89 

0  8  10 

0828 

OS    6 

0384 

10 

0  0  19 

0038 

0  1  17 

01  86 

0  8  15 

0334 

0313 

0338 

90 

0090 

0  10 

01  90 

09    0 

0990 

03    0 

0380 

10    0 

ao 

0  0  30 

0  1  80 

0  9  10 

0  3    0 

0330 

1  020 

1  1  10 

18    0 

40 

0  10 

03    0 

03    0 

10    0 

110 

12    0 

13    0 

9  0    0 

60 

0  1  10 

0  3  90 

0330 

110 

1  9  10 

1  890 

8030 

99    0 

00 

0  1  90 

0  3    0 

1  0  30 

1  9    0 

1  390 

9  10 

88  SO 

3  0    0 

70 

0  1  30 

0  3  30 

1  1  10 

1  8    0 

9030 

8  890 

3  0  10 

3  9    0 

80 

09    0 
0  3  10 

10    0 

18    0 

99    0 

99    0 

30    0 

38    0 

4  0    0 

90 

1  090 

1  380 

91    0 

2  3  10 

31  30 

33  30 

49    0 

100 

0890 

110 

1  330 

38    0 

3020 

33    0 

4  1  SO 

50    0' 

SOO 

1  1    0 

99    0 

8  3    0 

50    0 

6  10 

7  8    0 

83    0 

10  0    0 

SOO 

13^ 

83    0 

5380 

78    0 

9  1  80 

11  1    0 

13  0  SO 

15  0    0 

400 

99    0 

60    0 

73    0 

10  0    0 

13  8    0 

16  0    0 

17  8    0 

900    0 

500 

8090 

6  10 

9  1  90 

11  3    0 

15  3  90 

18  8    0 

81  3  90 

950    0 

600 

83    0 

7  8    0 

11  1    0 

15  0    0 

18  8    0 

23  8    0 

861    0 

80  0    0 

1 

mOM  9T 

0  16  PERC 

;HE8.  POI 

iBS,  OR  F 

ALL8WII 

>& 

PwehM 

9 

10 

11 

12 

IS 

14 

15 

16 

1«C. 

Do.  wide. 

Do.  wide. 

Do.  wide. 

Do.  wide. 

Do.  wide. 

Do.  wide. 

Do.  wide. 

Do.  wide. 

A     R    F 

A     R     P 

A     R     P 

A     R     P 

A     R    P 

A    R     P 

A    R     P 

A     R     P 

1 

0  0    9 

0  0  10 

0  0  11 

0  0  18 

0  0  13 

0  0  14 

0  0  15 

0  0  16 

S 

0  0  18 

0  030 

00  33 

0  0  84 

0  0  96 

0088 

0  030 

00  S3 

3 

0  0  87 

0030 

0  083 

0086 

0  0  39 

018 

0  15 

01    8 

4 

0  0  36 

0  10 

014 

0  18 

0  1  13 

0  1  16 

0  1  80 

01  84 

6 

015 

0  1  10 

0  I  15 

0  1  80 

0  1  86 

01  30 

0  1  35 

09    0 

6 

0  1  14 

0  1  20 

0  1  86 

0  1  33 

0  1  38 

08    4 

0  3  10 

0  9  16 

7 

0  1  S3 

0  1  30 

01  87 

03    4 

0  8  11 

0  8  18 

0  886 

0  9  38 

8 

0  1  33 

0  3    0 

0  8    8 

0  3  16 

0  8  24 

0333 

0  3    0 

03    8 

9 

08    1 

0  8  10 

0  8  19 

0838 

0387 

03    6 

0  3  15 

0884 

10 

0  8  10 

0880 

0830 

OS    0 

0  8  10 

0390 

0380 

10    0 

11 

0  8  19 

0330 

0  8    1 

03  13 

0  3  83 

OS  84 

10    6 

1  0  16 

IS 

0888 

0  3    0 

0  3  13 

0  8  84 

0886 

10    8 

1  080 

10  89 

18 

0387 

0  3  10 

0383 

0  3  36 

10    9 

1  0  83 

1  035 

1  1    S 

14 

03    6 

0380 

0834 

10    8 

1  033 

1  0  36 

1  1  10 

1  1  94 

15 

OS  15 

0330 

10    5 

1  0  80 

1  035 

1  1  10 

1  1  86 

1  9.0 

10 

08  84 

10    0 

1  0  16 

1  033 

118 

1  1  84 

18    0 

1  9  16 

17 

0  833 

1  0  10 

1  0  37 

114 

1  1  31 

1  1  38 

1  2  15 

1  9  39 

18 

10    8 

1  080 

1  038 

1  1  16 

1  1  34 

1  3  18 

1  230 

13    8 

19 

1  0  11 

1080 

119 

1  1  88 

18    7 

1  896 

13    5 

1  3  84 

10 

1  080 

110 

1  1  80 

1  8    0 

1  880 

13    0 

1  380 

90    0 

90 

1  3  30 

1  3  80 

8  0  10 

810 

2  1  30 

9990 

8  3  10 

30    0 

40 

3  10 

83    0 

8  3    0 

3  0    0 

8  10 

38    0 

33    0 

4  0    0 

60 

3  8  10 

3080 

8  1  30 

83    0 

4  0  10 

4  1  80 

4  3  30 

50    0 

60 

8  1  90 

3  8    0 

4  0  90 

4  8    0 

4390 

5  10 

6390 

60    0 

70 

8  S  30 

4  180 

4  8  10 

5  10 

5  930 

6080 

6  9  10 

70    0 

80 

4  9    0 

50    0 

5  3    0 

60    0 

68    0 

7  0    0 

79    0 

80    0 

90 

6  0  10 

6880 

6030 

68    0 

7  1  10 

7380 

81  30 

90    0 

100 

6990 

6  10 

6380 

78    0 

8080 

83    0 

91  90 

10  0    0 

900 

11  1    0 

18  8    0 

13  8    0 

15  0    0 

16  1    0 

17  3    0 

18  3    0 

SOO    0 

800 

16  3  90 

18  8    0 

30330 

838    0 

841  80 

96  1    0 

98090 

300    0 

400 

333    0 

86  0    0 

878    0 

30  0    0 

83  8    0 

350    0 

37  8    0 

400    0 

600 

38080 

81  1    0 

84  1  90 

373    0 

40  3  30 

433    0 

46890 

600    0 

600 

88  8    0 

878    0 

41  1    0 

450    0 

488    0 

58  8    0 

661    0 

600     0 

CAUCVUlTIOS  of  ABEA8. 
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FROM  17  TO  14  PERCHES,  POLES,  OR  FALLS  WIDE. 

rmfim 

1      17 

18 

19 

20 

21 

22 

23 

24 

1mm- 

<  Do.  wide. 

DOb  wide. 

Do.  wide. 

Do.  wideu 

Do.  wide. 

Da  wide. 

Da  wida 

Do.  wida 

Amp 

Amp 

Amp 

Amp 

Amp 

Amp 

Amp 

Amp 

1 

0  0  17 

0  0  18 

0  0  19 

0  090 

0  0  91 

0  022 

00  23 

0  0  24 

2 

0  0  34 

00  36 

0038 

0  10 

0  19 

01    4 

0  1    6 

0  1    8 

3 

0  1  11 

0  1  14 

0  1  17 

0  1  90 

0  1  93 

0  1  26 

0  1  29 

'  0  1  32 

4 

0  1  28 

0  1  32 

0  1  .16 

0  9    0 

09    4 

0  2    8 

0  2  12 

0  2  16 

5 

02    6 

0  2  10 

0  2  16 

0990 

0996 

0230 

0  2  36 

03    0 

6 

0223 

0228 

0  2  34 

03    0 

0  3    6 

0  3  12 

0  3  18 

0324 

7 

0  2  30 

03    6 

0  3  IS 

0  390 

0  327 

0  3  34 

.10    1 

10    8 

8 

0  3  18 

0  324 

0339 

10    0 

10    8 

1  0  16 

1  0  24 

1  032 

9 

0338 

10    2 

1  0  11 

1  090 

1  029 

1  038 

1  1    7 

1  1  16 

10 

1  0  10 

1020 

I  030 

110 

1  1  10 

1  1  20 

1  1  30 

12    0 

11 

I  087 

1  0  38 

119 

1  1  90 

1  1  31 

12    2 

1  2  13 

1  2  24 

IS 

1  1    4 

1  1  16 

1  1  98 

19    0 

1  2  12 

1  224 

1  2  36 

13    8 

13 

1  2  21 

1  234 

1  3    7 

1  390 

1  2  .33 

13    6 

1  3  19 

1  3  32 

.       14 

1  138 

1  2  12 

1996 

1  3    0 

1  3  14 

1  328 

20    2 

2  0  16 

15 

1  2  16 

1  230 

13    5 

1  390 

1  3  35 

2  0  10 

2  026 

2  10 

16 

1  239 

1  3    8 

1  3  24 

90    0 

2  0  16 

2033 

2  18 

2  1  24 

17 

13    9 

1  326 

9  0    3 

9  0  20 

2  037 

2  1  14 

2  1  13 

22    8 

18 

1  328 

20    4 

9099 

2  1    0 

2  1  18 

2  1  36 

2  2  14 

2  232 

19 

20    8 

2022 

91    1 

21  90 

2  1  39 

2  2  18 

9  9  37 

2  3  16 

90 

2O90 

210 

91  90 

22    0 

22  20 

2  3    0 

9320 

3  0    0 

80 

8030 

8  1  90 

8  9  10 

33    0 

8  3  30 

4  0  20 

4  1  10 

4  2    0 

40 

4  1    0 

4  2    0 

4  3    0 

60    0 

6  10 

62    0 

53    0 

6  0    0 

60 

6  1  10 

6220 

6  3  30 

6  1    0 

6  2  10 

-6  3  20 

7030 

7  2    0 

00 

6  120 

63    0 

70  90 

7  2    0 

73  20 

810 

8  2  20 

9  0    0 

70 

7  1  30 

7320 

8  1  10 

8  3    0 

9030 

9220 

10  0  10 

10  2    0 

80 

82    0 

90    0 

99    0 

10  0    0 

10  2    0 

11  0    0 

11  2    0 

12  0    0 

90 

9  2  10 

10  0  20 

10  9  30 

11  1    0 

11  3  10 

12  1  20 

12330 

13  2    0 

100 

10  2  20 

11  1    0 

11  3  20 

12  2    0 

13  0  20 

13  3    0 

14  1  30 

15  0    0 

900 

21  1    0 

222    0 

933    0 

960    0 

26  1    0 

27  2    0 

283    0 

300    0 

800 

81  3  20 

S3  3    0 

359  90 

379    0 

30  1  20 

41  1    0 

43  0  20 

450    0 

40O 

42  2    0 

460    0 

47  9    0 

60.0    0 

62  2    0 

55  0    0 

67  2    0 

60  0    0 

fillO 

63020 

66  1    0 

601  90 

699    0 

65  2  20 

683    0 

71  3  20 

75  0    0 

000 

68  3    0 

67  2    0 

71  1    0 

75  0    0 

79  3    0 

822    0 

86  1    0 

90  0    0 

F] 

ElOM96T< 

9  39  PER< 

3RES,  PO 

LE8,  OR  ] 

PALLS  W] 

[DE. 

a  flCVOCt 

25 

26 

27 

28 

29 

80 

31 

32 

h»K. 

Do.  wide. 

Da  wide. 

Do.  wide. 

Do.  wide. 

Da  wida 

Do.  wide. 

Do.  wide. 

Da  wide. 

Amp 

Amp 

Amp 

Amp 

Amp 

A     R     P 

Amp 

Amp 

1 

0025 

0026 

0  0  97 

0098 

0  0  20 

0  0  30 

0  0  31 

00^ 

8 

0  1  10 

0  1  12 

0  1  14 

0  1  16 

0  1  18 

0  1  20 

0  1  22 

0  1  24 

3 

0  1  36 

0  1  38 

09    1 

09    4 

02    7 

0  2  10 

0  2  13 

0  2  16 

4 

0220 

0  2  24 

0998 

0939 

0236 

0  3    0 

03    4 

03    8 

5 

03    6 

0  3  10 

0  3  16 

0  3  20 

03  35 

0  3  .30 

0  335 

10    0 

8 

0330 

0336 

1  0    9 

10    8 

1  0  14 

1  0  20 

1  026 

1  032 

7 

1  0  16 

1  022 

1  090 

1  0  36 

1  1    3 

1  1  10 

1  1  17 

1  1  24 

8 

110 

1  1    8 

1  1  16 

1  1  24 

1  1  39 

1  2    0 

12    8 

1  2  16 

9 

1  1  26 

1  1  34 

19    3 

1  2  12 

1  2  21 

1  2  30 

1  239 

1  3    8 

10 

1  2  10 

1  220 

1  930 

13    0 

1  3  10 

1  3  20 

1  330 

2  0    0 

11 

1  236 

1  3    6 

1  3  17 

1  338 

1  3  39 

2  0  10 

2  0  21 

2  0  32 

12 

1  320 

1  332 

9  0    4 

2  0  16 

2028 

2  1    0 

2  1  12 

2  1  94 

18 

20    6 

2  0  18 

9  0  31 

9  1    4 

2  1  17 

2  1  30 

2  2    3 

9  9  16 

14 

2030 

2  1    4 

9  1  18 

9  1  32 

22    6 

2  220 

2234 

98    8 

IS 

9  1  16 

2  1  30 

99    6 

22  20 

2235 

2  3  10 

2325 

3  0    0 

10 

22    0 

2  2  16 

9989 

2  3    8 

2  3  24 

3  0    0 

3  0  16 

3  039 

17 

2225 

23    2 

9  3  19 

2336 

8  0  IS 

3  0  30 

8  1    7 

3  1  94 

18 

2  8  10 

2328 

80    6 

3  0  24 

3  1    2 

3  I  20 

3  1  38 

3  9  16 

19 

2336 

8  0  14 

80SS 

8  1  12 

8  1  31 

3  2  10 

3220 

38    8 

90 

8090 

8  1    0 

8  1  90 

82    0 

3220 

33    0 

3320 

4  0    0 

80 

4230 

4  320 

6  0  10 

6  1    0 

51  30 

5220 

6  3  10 

60    0 

40 

6  10 

62    0 

63    0 

70    0 

7  10 

7  2    0 

7  3    0 

80    0 

80 

7  3  10 

8020 

8  1  30 

83    0 

9  0  10 

9  1  20 

9  2  30 

10  0    0 

60 

9  1  20 

9  3    0 

10  0  90 

10  2    0 

10  3  20 

11  1    0 

11  2  20 

12  0    0 

70 

10  3  30 

11  1  20 

11  3  30 

12  1    0 

12  230 

13  0  20 

13  2  10 

14  0    0 

80 

12  2    0 

13  0    0 

13  9    0 

14  0    0 

14  3    0 

15  0    0 

15  2    0 

16  0    0 

90 

14  0  10 

14  2  90 

16  0  30 

16  3    0 

16  1  10 

16  3  30 

17  1  30 

18  0    0 

100 

16  2  20 

16  1    0 

16  3  90 

17  2    0 

18  0  20 

18  3    0 

19  1  90 

900    0 

90O 

81  1    0 

39  2    0 

33  3    0 

350    0  ' 

36  1    0 

372    0  1 

383    0 

40  0    0 

800 

46320 

48  3    0 

60990 

52  2    0  : 

66020 

56  1    0 

68  090 

60  0    0 

400 

622    0 

66  0    0 

679    0 

70  0    0 

792    0 

75  0    0 

779    0 

800    0 

MO 

78  0  20 

81  1    0 

84  1  20 

87  9    0 

90220 

98  3    0 

96390 

100  0    0 

800 

99  3    0 

97  2    0 

101  1    0 

105  0    0 

108  3    0 

112  2    0 

116  1    0 

190  0    0 

200 
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4  3  91 

4333 

19 

4390 

4339 

60    4 

6  0  16 

6098 

6  1    0 

6  1  19 

6  1  94 

13 

616 

6  1  18 

6  1  31 

69    4 

6  9  17 

6930 

63    3 

6  3  18 

14 

6930 

63    4 

6  3  18 

6339 

80    8 

8030 

8034 

81    8 

15 

8  0  16 

8  0  30 

816 

81  90 

8  1  35 

8  9  10 

8995 

83    0 

16 

89    0 

8  9  16 

8939 

83    8 

8394 

70    0 

7  0  18 

7039 

17 

8396 

7  0    9 

70  19 

7036 

7  113 

71  30 

79    7 

79  94 

18 

7  1  10 

7  1  98 

79    8 

7994 

73    9 

7390 

7338 

8  0  16 

19 

7936 

7  3  14 

7333 

8  0  19 

8081 

8  1  10 

8199 

89    8 

20 

8090 

8  10 

8  1  90 

89    0 

8990 

83    0 

8390 

9  0    0 

80 

19030 

19  1  90 

19  9  10 

19  3    0 

19  3  30 

13  0  30 

13  1  10 

13  9    0 

40 

18  1    0 

18  9    0 

16  3    0 

17  0    0 

17  1    0 

17  3    0 

17  3    0 

18  0    0 

80 

90  1  10 

90  9  90 

90  3  30 

91  1    0 

91  9  10 

91  3  90 

99080 

999    0 

00 

94190 

94  3    0 

36  990 

969    0 

96330 

96  1    0 

96990 

970    0 

70 

981  30 

98390 

99  1  10 

993    0 

80030 

30920 

81  0  10 

.11  9    0 

80 

399    0 

380    0 

33  9    0 

340    0 

34  9    0 

360    0 

35  9    0 

360    0 

00 

38  9  10 

37090 

37930 

38  1    0 

38  3  10 

39190 

39330 

409    0 

100 

40390 

41  1    0 

413  90 

499    0 

43090 

433    0 

41190 

460    0 

900 

81  1    0 

899    0 

833    0 

860    0 

86  1    0 

879    0 

833    0 

900    0 

800 

191  3  90 

193  3    0 

136  9  90 

137  9    0 

130  190 

131  1    0 

133  0  30 

135  0    0 

400 

189  9    0 

166  0    0 

167  9    0 

170  0    0 

179  9    0 

176  0    0 

177  3    0 

180  0    0 

600 

908030 

906  1    0 

909  1  90 

919  9    0 

916  9  90 

918  3    0 

321  3  90 

3350    0 

800 

9433    0 

947  9    0 

161  1    0 

9560    0 

9583    0 

989  9    0 

286  1    0 

370  0    0 

Fl 

ROM  73  T 

0  80PBR4 

:;he8,  po] 

LBS,  OR  1 

PALLS  Wl 

[DE. 

Ptnte 

78 

74 

75 

76 

77 

78 

79 

80 

knig. 

Dow  wMa. 

Do.  wide. 

Do-wldo. 

Do.wld4. 

Dawlda 

Do.  wide. 

Do.  wide. 

Da  wide. 

A    »     F 

▲   &   p 

A     R     P 

A   K   r 

A  m  r 

A    R     P 

A   n   p 

A    R    P 

1 

0  1  33 

0  1  34 

0  I  36 

0  1  36 

0  1  37 

0  1  38 

0  1  39 

OS    0 

9 

0338 

0398 

0  330 

0  3  39 

03  34 

0336 

0338 

10    0 

3 

1  1  19 

1  1  92 

1  1  95 

.1  1  98 

1  1  31 

1  1  34 

1  1  37 

19    0 

4 

1  8  19 

1  3  16 

1  390 

I  394 

1  398 

1  339 

1  3  36 

90    0 

6 

9  16 

9  1  10 

9  1  16 

9  1  90 

9  1  95 

9  1  30 

9  1  35 

99    0 

8 

9938 

93    4 

9  3  10 

9  3  16 

9392 

9398 

9334 

30    0 

7 

3  0  31 

3038 

3  16 

3  1  19 

3  1  19 

3  1  96 

3  1  33 

39    0 

8 

3994 

3  933 

33    0 

33    8 

3  3  16 

33  94 

3839 

4  0    0 

9 

4  0  17 

4096 

4035 

41    4 

4  1  13 

4  1  99 

4  1  31 

49    0 

10 

4  9  10 

4990 

4930 

48    0 

4  3  10 

4390 

4330 

60    0 

11 

60    3 

6  0  14 

6095 

5036 

6  1    7 

6  1  18 

6  1  99 

6  9    0 

19 

6  1  38 

69    8 

6990 

6939 

63    4 

6  3  16 

6398 

60    0 

IS 

6399 

8  0    9 

8  0  15 

8098 

6  11 

61    4 

6  1  97 

89    0 

14 

8  1  99 

81  36 

8  9  10 

8  994 

6938 

6  3  19 

8396 

70    0 

16 

8  8  16 

8330 

70    6 

7090 

7  086 

7  1  10 

7  1  96 

79    0 

18 

71    8 

7  1  94 

79    0 

7  9  16 

7933 

7  3    8 

73  94 

80    0 

17 

7  3    1 

7  3  18 

7336 

8  0  13 

8  0  99 

8  10 

8  1  93 

89    0 

18 

80  84 

8  1  19 

8  1  30 

8  9    8 

8996 

83    4 

8392 

90    0 

19 

8997 

83    6 

8395 

9  0    4 

9  0  93 

9  19 

9  1  91 

99    0 

90 

9090 

9  10 

9190 

9  9    0 

9990 

93    0 

9390 

10  0    0 

30 

13  9  30 

13  3  90 

14  0  10 

14  1    0 

14  1  30 

14  9  90 

14  3  10 

16  0    0 

40 

18  1    0 

18  9  90 

18  3    0 

19  0    0 

19  1  10 

10  9    0 

19  3    0 

900   0 

60 

99  3  10 

93  0  90 

93  1  30 

933    0 

84  0  10 

24  1  90 

94930 

950    0 

80 

971  90 

973    0 

98090 

989    0 

98890 

99  1    0 

99990 

SO       0 

70 

31  3  10 

891  90 

39  3  10 

33  1    0 

33930 

34090 

34  9  10 

360    0 

80 

869    0 

370    0 

379    0 

380    0 

383    0 

390    0 

899    0 

400    0 

90 

410  10 

41  990 

49030 

49  3    0 

43  1  10 

43890 

44  1  30 

460    0 

100 

45990 

48  1    0 

48390 

47  9    0 

48090 

483    0 

491  90 

600    0 

9(10 

91  1    0 

999    0 

98  3    0 

950    0 

96  1    0 

97  9    0 

983    0 

100  0    0 

800 

138  3  90 

138  3    0 

140  9  90 

149  9    0 

144  1  90 

146  1    0 

148  0  90 

160  0    0 

400 

183  9    0 

185  0    0 

187  9    0 

190  0    0 

199  9    0 

195  0    0 

197  9    0 

9000    0 

600 

998090 

331  1    0 

934  1  30 

937  9    0 

940990 

9433    0 

948  3  90 

9500    0 

800 

9733    0 

9779    0 

981  1    0 

9850    0 

9883    0 

9999    0 

9961    0 

3000    0 
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mOM  SI  TO  88  PBROHES,  POLBB»  OR  FALLS  WIDR. 

P«rdMi 

81 

82 

83 

84 

85 

86 

87 

88 

tails. 

Do.  wid» 

Do.wid«. 

Dawld«. 

Do.  wid*. 

Do.  wide. 

Do.  wide. 

Do.  wide. 

Do.  wide. 

A     R    P 

A     R    P 

A     R    P 

A     R     P 

A    R     P 

A    R    P 

A    R    P 

A    R    P 

1 

0  9    1 

09    2 

0  9    3 

02    4 

02    6 

0  3    6 

03    7 

08    8 

3 

1  0    S 

10    4 

1  0    6 

10    8 

1  0  10 

1  0  13 

1  0  14 

1  0  16 

3 

1  9    S 

19    6 

19    9 

1  2  12 

1  2  15 

1  3  18 

1  3  81 

1  8  84 

4 

90    4 

90    8 

9  0  19 

9  0  16 

2  020 

3034 

3  028 

3  033 

6 

89S5 

9  9  10 

9  9  15 

9990 

2  225 

3  830 

2336 

3  3    0 

6 

SO    6 

3  0  19 

3  0  18 

S024 

3030 

8036 

31    3 

81    8 

7 

39    7 

3  9  14 

8  9  21 

3928 

3  235 

33    2 

33    9 

3  3  16 

8 

40    8 

4  0  10 

4  0  24 

4032 

4  10 

4  18 

4  1  16 

4  1  24 

9 

49    9 

49    8 

4927 

4336 

43    6 

4  8  14 

4333 

43  38 

10 

5  0  10 

50  90 

6030 

610 

6  1  10 

6  1  30 

51  30 

63    0 

11 

5  9  11 

59  22 

5238 

6  3    4 

6  3  15 

5830 

5  3  37 

6  0    8 

18 

6  0  19 

60  24 

6036 

^18 

6  1  20 

6  1  S3 

63    4 

6  3  16 

IS 

6  9  IS 

62  26 

6939 

6  3  12 

6325 

63  98 

7  Oil 

7  0  84 

14 

7  0  14 

70  2ii 

7  19 

7  1  16 

7  1  30 

73    4 

7  3  18 

7333 

15 

7  9  15 

7  2  90 

73    6 

7320 

7335 

8  0  10 

8036 

8  10 

16 

8  0  16 

8032 

8  18 

81  84 

8  2    0 

8  3  16 

8333 

83    8 

17 

8  9  17 

8  2  34 

8  3  11 

8328 

00    5 

9033 

9039 

9  1  16 

18 

9  0  18 

9  0  36 

9  1  14 

9  182 

9  2  10 

9338 

9S    6 

9334 

19 

9  9  19 

9  938 

9  3  17 

9336 

10  0  15 

10  0  94 

10  1  13 

10  133 

SO 

10  0  90 

10  1    0 

10  1  20 

10  3    0 

10  2  20 

10  3    0 

10  8  90 

no  0 

80 

15  0  30 

15  1  90 

15  2  10 

16  3    0 

16  3  90 

16  0  SO 

16  1  10 

16  3    0 

40 

90  1    0 

909    0 

903    0 

21  0    0 

31  1    0 

31  3    0 

91  3    0 

320    0 

60 

95  1  10 

95  920 

35  330 

26  1    0 

26  8  10 

36830 

37030 

27  9    0 

60 

801  20 

SO  S    0 

81  0  20 

31  2    0 

31  3  30 

38  1    0 

83  330 

330    0 

70 

85  1  SO 

85  390 

86  1  10 

363    0 

37  0  30 

37  3  30 

88  0  10 

383    0 

80 

40  9    0 

41  0    0 

41  2    0 

42  0    0 

43  2    0 

430    0 

4.3  3    0 

440    0 

90 

45  9  10 

46  090 

46230 

47  1    0 

47  3  10 

48  1  30 

48830 

499    0 

100 

60990 

61  1    0 

61  3  20 

523    0 

630  30 

53  3    0 

64130 

660    0 

SOO 

101  1    0 

109  9    0 

103  3    0 

105  0    0 

106  1    0 

107  3    0 

106  3    0 

110  0    0 

900 

151  3  90 

153  3    0 

155  2  20 

157  3    0 

150  1  30 

161  1    0 

163  0  30 

166  0    0 

400 

9099    0 

9050    0 

207  2    0 

210  0    0 

212  2    0 

315  0    0 

317  3    0 

9300    0 

600 

963090 

256  1    0 

259  1  90 

9822    0 

365220 

9683    0 

371  830 

375  0    0 

.    80O   J 

3033    0 

307  2    0 

311  1    0 

815  0    0 

318  3    0 

393  9    0 

S26  1    0 

3300    0 

¥1 

ROM  SOT 

0  96  PER4 

SHBS*  PO 

LES,  OR  1 

'ALLS  Wl 

DE. 

Pmte. 

89 

90 

91 

92 

«3 

94 

95 

96 

loaf. 

Do.  wld«. 

Do.  wid«. 

Do.  widt. 

Do.  wide. 

Da  wide. 

Do.  wide. 

Do.  wide. 

Do.  wide. 

A    R     P 

A     R     P 

A    R    P 

A    R    P 

A    R    P 

A     R    P 

A     R     P 

A     R     P 

1 

09    8 

0  2  10 

0  2  11 

0  2  12 

0  2  13 

0  8  14 

0  3  15 

0  3  16 

S 

1  0  18 

1  0  20 

1  0  22 

1  0  24 

1  026 

1  0  28 

1  0  90 

1  032 

3 

1  927 

1  230 

1  2  33 

1  236 

1  2  39 

13    2 

13    5 

13    8 

4 

9  0  36 

2  10 

21    4 

2  18 

2  1  12 

2  1  16 

3  1  30 

2  1  24 

6 

93    5 

2  3  10 

2  3  15 

2  3  20 

2325 

23  30 

3335 

30    0 

6 

8  1  14 

3  1  90 

3  1  26 

3  1  32 

3  1  18 

3  2    4 

3  8  10 

3  2  16 

7 

3323 

3  3  30 

3  3  37 

4  0    4 

4  0  11 

4  0  18 

4  0  85 

4032 

8 

41  32 

4  9    0 

42    8 

4  2  16 

4224 

42  32 

4  3    0 

4  3    8 

9 

50    1 

6  0  10 

6019 

6028 

6  0  37 

6  16 

6  1  16 

5  1  24 

10 

6  9  10 

5920 

6230 

68    0 

6  3  10 

6330 

6330 

6  0    0 

11 

6  0  19 

6030 

61    1 

6  1  12 

61  23 

6  1  34 

6  8    5 

6  2  16 

U 

6998 

63    0 

6  3  12 

6324 

6  336 

7  0    8 

7  030 

7  032 

13 

70  87 

7  1  10 

7  1  23 

7  1  36 

7  2    8 

7  3  31 

7  335 

73    8 

14 

73    6 

7390 

7334 

8  0    8 

80  22 

8036 

8  1  10 

8  1  24 

15 

8  1  16 

8  1  30 

82    6 

8230 

8235 

8  3  10 

8335 

90    0 

16 

8  3  24 

9  0    0 

9  0  16 

9039 

9  18 

9  1  84 

9  3.  0 

9  2  16 

17 

9  1  33 

0  2  10 

9997 

93    4 

9  3  91 

9338 

10  0  16 

10  0  82 

18 

10  0    9 

10  0  20 

10  0  38 

10  0  38 

10  1  16 

10  1  34 

10  3  30 

10  3    8 

19 

10  9  11 

10  2  30 

10  3    9 

10  3  98 

11  0    7 

11  0  96 

11  1    6 

11  1  24 

SO 

11  0  90 

11  1    0 

11  1  20 

11  9    0 

11  9  20 

11  3    0 

11  3  30 

12  0    0 

SO 

16  9  90 

16  3  20 

17  0  10 

17  1    0 

17  1  30 

17  3  30 

17  3  10 

18  0    0 

40 

99  1    0 

22  2    0 

223    0 

230    0 

23  1    0 

333    0 

33  3    0 

34  0    0 

60 

97  3  10 

28090 

281  SO 

283    0 

29  0  10 

39  1  90 

39330 

SOO    0 

60 

83  1  90 

33  3    0 

34  020 

34  2    0 

34  390 

35  1    0 

35  8  30 

36  0    0 

70 

38330 

39  1  90 

39  3  10 

40  1    0 

40  2  SO 

41  0  90 

41  3  10 

43  0    0 

80 

449    0 

450    0 

45  9    0 

460    0 

46  2    0 

47  0    0 

47  3    0 

48  0    0 

90 

60  0  10 

60  990 

51  0  90 

61  3    0 

52  1  10 

52320 

63  130 

640    0 

100 

65220 

60  1    0 

66990 

572    0 

68020 

663    0 

691  90 

600    0 

900 

HI  1    0 

119  9    0 

119  9    0 

116  0    0 

116  1    0 

117  2    0 

118  3    0 

130  0    0 

SOO 

166  3  90 

168  3    0 

170  2  20 

172  2    0 

174  1  90 

176  1    0 

178  0  30 

180  0    0 

400 

2229    0 

825  0    0 

227  2    0 

230  0    0 

9322    0 

3350    0 

337  8    0 

340  0    0 

600 

278  0  90 

981  1    0 

284  1  20 

287  2    0 

290290 

3933    0 

896  330 

3000    0 

600 

3333    0 

337  9    0 

941  1    0 

3450    0 

348  3    0 

3533    0 

366  1    0 

360  0    0 
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FROM  97  TO  108  PBRCHE8,  POLES,  OR  FALLS  WIDE. 

P««h« 

97 

98 

99 

100 

101 

102 

SDBk* 

Dawidiu 

Do.  wMa. 

Do.  wide. 

Douwido. 

Do.wido. 

Do.wid«u  1 

1 

F 

17 

K  P 

8  18 

A 
0 

m 
8 

F 

19 

A  K 

0  8 

F 

80 

A  » 

0  8 

F 

81 

A  & 

0  8 

F 

88 

s 

84 

0  86 

0 

38 

1  1 

0 

1  1 

8 

1  1 

4 

3 

11 

8  14 

8 

17 

1  8 

80 

1  S 

83 

1  8 

86 

4 

88 

1  38 

1 

36 

8  8 

0 

8  8 

4 

8  8 

8 

6 

6 

0  10 

0 

16 

3  0 

80 

8  0 

85 

8  0 

80 

6 

88 

8  88 

8 

84 

3  3 

0 

8  3 

6 

3  3 

18 

7 

SO 

1  6 

1 

13 

4  1 

80 

4  1 

87 

4  1 

84 

8 

16 

3  84 

3 

88 

6  0 

0 

5  0 

8 

5  0 

16 

9 

88 

8  8 

8 

11 

6  8 

80 

6  8 

89 

6  8 

88 

10 

10 

0  80 

l> 

0 

80 

6  1 

0 

6  1 

10 

6  1 

80 

11 

87 

8  88 

8 

9 

6  3 

80 

6  3 

81 

7  0 

8 

U 

4 

1  16 

1 

88 

7  8 

0 

7  8 

18 

7  8 

84 

IS 

81 

3  34 

0 

7 

8  0 

80 

8  0 

SS 

8  1 

6 

14 

88 

8  18 

8 

86 

8  3 

0 

8  8 

14 

8  3 

88 

16 

15 

0  80 

1 

6 

9  1 

80 

9  1 

85 

9  8 

10 

16 

88 

8  8 

8 

84 

10  0 

0 

10  0 

16 

10  0 

88 

17 

10 

9 

10 

1  86 

10 

8 

3 

10  8 

80 

10  8 

88 

10  3 

14 

18 

10 

86 

11 

0  4 

11 

0 

88 

11  1 

0 

11  1 

18 

11  1 

86 

19 

11 

8 

11 

8  88 

11 

8 

1 

11  3 

80 

11  8 

89 

18  0 

18 

• 

SO 

is 

80 

18 

1   0 

18 

1 

80 

18  8 

0 

18  8 

80 

18  8 

0 

SO 

18 

80 

18 

1  80 

18 

8 

10 

18  3 

0 

18  8 

SO 

19  0 

80 

40 

S4 

0 

84 

8  0 

84 

3 

0 

86  0 

0 

85  1 

0 

86  8 

0 

M 

80 

10 

80 

8  80 

80 

8 

80 

31  1 

0 

81  8 

10 

81  8 

80 

00 

86 

80 

36 

8  0 

87 

0 

80 

87  8 

0 

87  8 

80 

88  1 

0 

70 

a 

80 

48 

8  80 

48 

1 

10 

43  8 

0 

44  0 

80 

44  8 

90 

80 

48 

0 

49 

0  0 

49 

8 

0 

50  0 

0 

50  8 

0 

51  0 

0 

90 

84 

10 

85 

0  80 

56 

8 

80 

66  1 

0 

56  8 

10 

67  1 

80 

100 

60 

80 

61 

1  0 

61 

8 

80 

68  8 

0 

68  0 

80 

68  3 

0 

900 

181 

0 

188 

8  0 

188 

3 

0 

185  0 

0 

186  1 

0 

187  8 

0 

soo 

181 

80 

188 

8  0 

185 

8 

80 

187  8 

0 

189  1 

80 

191  1 

0 

400 

848 

0 

845 

0  0 

847 

8 

0 

850  0 

0 

868  8 

0 

855  0 

0 

fiOO 

SOS 

80 

806 

1  0 

809 

1 

80 

818  8 

0 

815  8 

80 

818  8 

0 

000 

868 

0 

867 

8  0 

871 

1 

0 

875  0 

0 

878  8 

0 

888  8 

0 
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ART.  III.— CONTAINING  USEFUL  TABLES  FOR  THE 

REDUCTION  OF  MEASURES. 


ENGLISH  LONG  MEASURE. 

ENGLISH  SQUARE  MEASURE. 

• 

Sj« 

oMiink 

Oq-lMlMi 

617164 

tmmUnk 

u 

IJ^l 

mmAmv* 

QN  Hnr 

m 

144 

Bq.HBkl 
1J9 

96 

4JM 

8 

(MMSraid 

OMlbOt 

196 

S6 

16 

6.6 

OM] 

poUorptitli 

1196 

10.66 

9 

OlMTMd 

70 

100 

66 

11 

4 

88804 

616 

171.15 

30.85 

OMptroh 

7910 

1000 

660 

110 

40 

10 

OMftulOllf 

8  OM  mile 

1668160 

16000 

10890 

1910 

40 

OMIOOd 

ftSWO 

80001  600 

1700 

810 

80 

6879640 

100000 

43660 

4840 

160 

4|0MMI« 

SOOTS  LONG  MEASURE. 

SCOTS  SQUARE  MEASURE. 

&88 

iMkA  HnV 

%.864r 

OM  link 

009  inir 

m 

144 

04.  nab 
1.81 

U 

1.36 

ontlbo 

1 

OMlbOt 

S7 

4.16 

8.08 

OMtU 

1369 

17.36 

9.60 

onooU 

m 

16 

18.6 

6 

ooai 

twd 

48184 

06 

S4SJ6 

36 

OMfUl 

880 

VO 

74 

14 

4 

oMdudn 
80  loMmlto 

1971360 

18000 

13680 

1440 

40 

oooraod 

71040 

8000 

6010 

1910 

390 

7896440 

100000 

64760 

6760 

160 

4  onoftora 

IRISH  LONG  MEASURE. 

IRISH  SQUARE  MEASURE. 

iMbM 

mmUbV 

Inchw 
106.1144 

OMUBk 

MIS  UII~ 

144 

1.41 

U 

1.19 

OMfOO 

1 

OMfM 

>t 

86 

9L67 

8 

OM  JU 

tl 

1196 

18.78 

9 

OM  jm 

m 

288 

16 

11  . 

7 

(MM  ptfOh 

66384 

m 

441* 

49 

oiMpoch 

1006 

100 

84 

18 

4 

<m«ebaln 

1666360 

16000 

17640 

1960 

40 

OMTOOd 

4  oMten 

80640 

8000 

6710 

1040 

310 

80 

OMmlto 

106n440 

100000 

70660 

7840 

160 

Noi4, — ^These  tables  of  Scoto  measure  are  still  retained  for  the  converBion  of  mea- 
sures prerious  to  1826,  when  the  new  act  was  passed;  because,  up  to  that  date, 
plans  of  estates  were  measured  with  such  chains  as  stated  by  the  suryeyors  on 
the  hce  of  them;  and  Ainslie  himself  always  employed  them.— w.  O. 
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CONYEBSIOK  OF  ME^URES. 


TABLE, 

rOR  ABCEKTAIHINO,  BT  IirSPBCnON,  TRB  IHTVBfiR  OV  ROODS  AVD  PBB0HB8  OOITTAINED 

US  THB  TWO  nSST  PBCIMAU  OF  AN  ACBS. 


DodnuUsk 

Roods  and 
Perches. 

Decimalik 

Roodeaod 
Peroliei. 

R.  P.  Pti. 

R.  P.  Pti. 

01 

0    01    .6 

51 

2      1    .6 

02 

0    03   .2 

52 

2      3  .2 

03 

0    04   .8 

53 

2      4  .8 

04 

0    06  .4 

54 

2      6   .4 

05 

0    08   .0 

55 

2      8   .0 

06 

0    09   .6 

56 

2      9   .6 

07 

0    11    .2 

57 

2    11    .2 

08 

0    13  .8 

58 

2    13  .8 

09 

0    14   .4 

59 

2    14  .4 

10 

0    16  .0 

60 

2    16  .0 

11 

0    17  .6 

61 

2    17   .6 

12 

0    19  .2 

• 

MM 

62 

2    19   .2 

=) 

.  13 

0    20  .8 

3 

68 

2    20  .8 

2 

14 

0    22  .4 

h 

64 

2    22  .4 

m 

^ 

15 

0    24   .0     • 

o 

65 

2    24  .0 

S 

16 

0    25  .6 

-g 

66 

2    25  .4 

1 

17 

0    27   .2 

S 

67 

2    27  .2 

18 

0    28  .8 

(U 

68 

2    28  .8 

1 

19 
20 

0    30  ^ 
0    32  .0 

«l 

1 

9 

69 
70 

2    30  .4 
2    32  .0 

•< 

21 

0    33  .6 

a 

71 

2    33  .6 

'3 

s 

22 

0    35  .2 

72 

2    35   .2 

f 

•s 

23 

0    36   .8 

1 

"8 

73 

2    36   .8 

.a 

24 

0    88  .4 

• 

*3 

74 

2    38  ^ 

1 

• 

•j 

25 

1      0  .0 

rS 

{ 

75 

3      0  .0 

26 

1       1    .6 

J^ 

1 

76 

8      1   .6 

f 

1 

1 

27 

1      3  .2 

1 

& 

77 

3      3  .2 

P"S 

28 

1      4   .8 

.a 

78 

8      4  .8 

.a 

29 

1      6  .4 

1 

79 

8      6  .4 

1 

30 

1      8  .0 

80 

8      8  .0 

31 

1      9  .6 

81 

8      9  .6 

<a 

82 

1     11   .2 

i 

82 

8    11    .2 

1 

33 

1     12  .8 

83 

3    13  .8 

34 

1     U  .4 

9 

84 

8    14  .4 

& 

35 

1     16  .0 

85 

8    16  .0 

36 

1     17  .6 

86 

3    17  .6 

87 

1     19  .2 

87 

8    19  ,2 

38 

1    20  .8 

88 

3    20  .8 

39 

1    22  .4 

89 

.    8    22   .4 

40 

1    24  .0 

90 

3    24   .0 

41 

1    25  .6 

91 

3    25  .6 

42 

1    27  .2 

92 

3    27   .2 

43 

1    28  .8     . 

93 

3    28   .8 

44 

1    30  .4 

94 

8    30  .4 

45 

1    32  .0 

95 

3    32  .0 

46 

1    33  .6 

96 

8    83  .6 

47 

U35  .2 

97 

8    35  .2 

48 

1    36   .8 

• 

■ 

98 

3    36  .8 

49 

1    88  .4 

. 

99 

8    38  .4 

50 

2      0  .0 

Tkii  nu,y  be  also  performed  by  tba  TabU  for  conrertiog  roodi  and  poles  into  igiiare 
linkiy  bj  rtTeniag  tbe  proceei. 


C0N7EB8I0M  OF  If  BASCBES. 
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TABLE  1. 
To  eootvtt  Scottish  Linlu  Into  Imperial  Links 

TABLE  II. 

To  oonTert  Scottish  Acras  into  Impvtel  Acres 
and  Doctanals. 

■aks. 

Impvlal  Uaki. 

■eoli 
links. 

InpwlAlllato. 

J22^    1  ImpntalMfM. 

1 

acota 

IniMrtSl  MVM. 

100 
200 
300 

400 
600 
600 
700 
800 
900 

112.302 
224.606 
836.907 
449.210 
661.612 
673.816 
686.117 
898.419 
1010.728 

• 

6100 
6200 
6300 
6400 
6500 
6600 
6700 
6800 
5000 

6727.424 
6839.726 
6952.088 
6064.331 
6176.633 
6888.936 
6401.888 
6513.641 
6686.843 

1 
2 

8 

4 
6 
6 
7 
8 
9 

126118 
2.62237 
8.78355 

6.04473 
6.30503 
7.66710 
&8S888 
10.08947 
11.36066 

61 
68 
63 
64 
65 
66 
67 
68 
69 

64.32036 

65UW164 

6&84878      , 

68.10391 

69.36509 

70.69687 

71i«746 

73.14864 

74.40988 

iiiiliiiii 

1183.084 
1236.337 
1347.689 
l4fi0iNI2 
1672.234 
1684.686 
1796.839 
1909.141 
2081.446 
2133.746 

6000 
6100 
6200 
6300 
6400 
6600 
6600 
6700 
6800 
6900 

6788.145 
6860.448 
6968.760 
7075.053 
7187AW 
7899.658 
7411.960 
7584.868 
763flL665 
7748.867 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 

18.61183 
13.87308 
16.13480 
16.39528 
17.65657 
1&91776 
20.17893 
21.44012 
22.71090 
23.96248 

60 
61 
68 
63 
64 
66 
66 
67 
68 
69 

75.67101 
76.93819 
7ai9337 
79.45456 
80.71674 
81J7698 
83.83811 
84.49989 
85.76047 
87.08166 

2000 

2100 
2200 
2300 
2400 
2500 
2600 
2700 
280O 
2900 

2246.048 
23&&S61 
2470.663 
2682.966 
2695.268 
'2807.661 
2919.863 
3082.165 
3144.468 
3856.770 

7000 
7100 
7200 
7300 
7400 
7600 
7600 
7700 
7800 
7900 

7861.170 
7973.472 
8085.776 
8198.077 
8310.379 
8422.682 
8634i)84 
8647.887 
8769.669 
88n.891 

20 
21 
22 
23 
24 
26 
26 
27 
28 
29 

2&2SS67 
86.48485 
87.74603 
29.00722 
30.26840 
81.58969 
32.79077 
34.05196 
35.31314 
36.67438 

70 
71 
78 
73 
74 
76 
76 
77 
78 
79 

88J8S84 

89.54408 
90.80581 
98:06639 
98.38767 
94JW876 
96.84994 
97.11112 
98.37231 
99.63349 

3000 

3100 
380O 
3300 
3400 
3600 
3600 
3700 
3800 
3900 

3369.073 
3481.376 
8508.678 
8705.960 
3818.282 
8930.686 
4042.887 
4165wl90 
4267.492 
4379.796 

8000 
8100 
8800 
8300 
8400 
8600 
8600 
8900 
8800 
8900 

8984.194 
9096.496 
9908.799 
9381.101 
9433.404 
9646.706 
9668.006 
9770.311 
9688.613 
9994.916 

30 
31 
82 
33 
34 
86 
36 
37 
38 
89 

37.88560 
39.08669 
4aS5787 
41.61906 
48.88084 
44.14148 
4&40860 
46.66879 
47.98497 
49.18615 

80 
81 
88 
83 
84 
86 
86 
87 
88 
89 

100.8941^ 
10S.168MI 
103.41704 
104.67823 
106.99941 
107.20069 
106.46178 
109.72296 
110.98414 
112.24633 

4000 

4100 
4200 
4300 
4400 
4600 
4600 
4700 
4800 
4900 
6000 

4492.097 
4604.899 
4716.702 
4889.004 
4941.807 
6068.609 
6166J12 
6878.214 
6890.617 
6602.819 
6615021 

9000 

9100 
9200 
9900 
9400 
9600 
9600 
9700 
9800 
9000 
10000 

10107.818 
10819.620 
10331.883 
10444.185 
10656.488 
10668.730 
10781.088 
10893.336 
11006.687 
11117.940 
11230.242 

40 
41 

a 

43 
44 
45 

46 
47 
48 
49 
60 

0 

60.44734 
61.70862 
68.96970 
64J3069 

66.49807 
66.75386 
68.01444 
69.87668 
60L63680 
61.V9^/99 
63.06917 

90 
91 
98 
98 
94 
95 
96 
97 
98 
99 
100 

113.60651 
11476769 
116.08888 
117.89006 
118.66184 
119.81843 
181.07361 
189.33479 
1834W698 
184.86716 
186.11834 

The  preceding  tables  are  founded  on  the  determination  of  the 
Scottish  standard  ell,  kept  at  Edinburgh,  embodied  in  the  act  of 
Parliament  of  1826,  in  reference  to  weights  and  measures. 

It  was  determined  to  be  37.0598  imperial  inches  at  the  tempe- 
rature of  62**  Fahrenheit. 
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The  Scottish  chain  contains  24  Scottish  ells,  and  it  is  therefore 
equal  to  74.1196  imperial  feet.  Hence  the  square  chain  will  con- 
tain 610.412789  square  yards. 

This  is  the  new  Scottish  acre,  created  by  the  act  of  1826,  while 
the  old  Scottish  acre,  derived  from  the  chain  formerly  taken  at  74 
feet,  gives  the  acre  6084l>  thus  introducbg  confusion  instead  of 
tmiformity.  Uniformity  should  have  been  enforced  by  legal  enact- 
ments and  penalties. 

Hence  the  new  Scottish  acre  is  6104|  square  yards. 

the  old  6084|  square  yards  nearly, 

and  the  ratio  between  these  as  1.003285  to  1. 


KZEMFUFIOATIOir  OF  FIRST  TABLE. 

1 .  In  7426  Scots  links,  how  many  imperial  1 

7400  Scots  give 

26  Scots,  by  shifting  to  the  left  the  point  two  places, 

7426  Scots  links  are  therefore  equal  to       .        .       .  *     . 


8S10.879imperiaL 
29.199 


8889.598  imperiaL 


EXXHPUFICATION  OF  THB  SECOND  TABLE. 

2.  In  96.567  Scots  acres,  how  many  imperial  1 

96.00   Scots  acres  giye 121.07861  imperial. 

0.56    by  shifting  the  point  two  places  to  the  left,  0.70626 

0.007  by  shifting  three  places  to  the  left»                .        .  0.00888 


96.567  Scots  acres  are  equal  to 


121.78870 


TABLE, 

BHOWnrO  THE  LEKGTH  OF  AH  AORB^  IN  CHAINS,  UNKB^  AND  FASTS  OF 

A  UNK,  TO  A  GIVEN  BREADTH. 

Cbalm. 

ChAlns.  Links.  FtM. 

Chains. 

Chohii.  Unki.   Pti. 

1 

10         00      .000 

1  acre. 

a 

0        90     .909 

i  acn. 

2 

5        00     .000 

do. 

12 

0        88     .333 

do. 

8 

3        33     .333 

do. 

18 

0        76     .923 

do. 

4 

2        50     .000 

do. 

14 

0        71     .429 

do. 

5 

2       00     .000 

do. 

15 

0        66     .666 

do. 

6 

1        66     .666 

do. 

16 

0        62     .500 

do. 

7 

1        42     .285 

do. 

17 

0        58     .824 

do. 

8 

1        25     .000 

do. 

18 

0        55     .555 

do. 

9 

1        11     .111 

do. 

19 

0        53     .631 

do. 

10 

1        00     .000 

do. 

20 

0        50     .000 

do. 

Bmdttk 

Length. 

Brcadth. 

Lwfth. 

TO  CONVERT  LINKS  INTO  FEET. 
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TABLE 

TO  CONVKBT  LINKS  INTO  FEET,  AND  CON  VERS  lELT. 


IMPERIAL  LINKS. 

100 

100 

aoo 

400 

800 

400 

700 

800 

900 

Link*. 

FMt. 

Fwt. 

Fert. 

F0^. 

Fm*. 

FMk 

FeH. 

FmI. 

FmI. 

FMt. 

0 

0.00 

66.00 

132.00 

198.00 

264.00 

330.00 

396.00 

462.00 

528.00 

594.00 

1 

0.66 

66.66 

132.00 

198.66 

264.66 

830.66 

396.66 

462.66 

528.66 

594.00 

2 

1.33 

67.32 

133.32 

199.32 

266.32 

S3LS2 

397.32 

463.32 

629.32 

695.38 

3 

1.98 

67  J» 

133.98 

199.98 

865.96 

331.98 

397.98 

46a98 

629.98 

595.96 

4 

8.64 

6&64 

134.64 

200.64 

866.64 

332.64 

398.64 

464.64 

53a64 

590.04 

6 

&30 

69.30 

135.30 

201.30 

267.30 

333.30 

399.30 

466.30 

631.30 

607.30 

6 

3.06 

09.96 

135iM 

201.96 

267.96 

333.96 

399.96 

465.96 

631.96 

697.90 

7 

4.63 

70  62 

136.63 

208.63 

268.62 

334.62 

400.62 

406.62 

532.62 

608.03 

8 

5.88 

71.28 

1!)7.88 

80a88 

209.28 

335.28 

401.28 

467.28 

533.28 

609.88 

9 

6.94 

71.94 

137iM 

803L94 

209  J)4 

335.94 

401.94 

467.94 

533.94 

609.94 

10 

6.60 

73.60 

138.60 

304.60 

27a60 

336.60 

402.60 

46a60 

634.00 

000.00 

11 

7.26 

73.26 

139.86 

805.86 

271.26 

337.26 

40&26 

469.26 

535.26 

601.86 

IS 

7.98 

73.92 

139.98 

205.93 

271.92 

337.98 

403.92 

469.92 

536.92 

601.98 

13 

8.68 

74.68 

140.58 

306.68 

272.58 

338.68 

404.68 

470.58 

536.58 

608.58 

14 

9.84 

76.24 

141.24 

207.24 

273.24 

339.24 

406.24 

471.24 

537.24 

603.84 

15 

94K) 

75.90 

141.90 

207.90 

273.90 

339.90 

406  90 

471.90 

637.90 

608.90 

16 

ia66 

76.66 

142.56 

206.66 

27456 

340.66 

406.66 

472.66 

638.56 

604.66 

17 

11.28 

77.22 

143u22 

200.22 

275.22 

341.22 

407.22 

473.22 

539.22 

606.83 

18 

11.88 

77.88 

143.88 

209.88 

275.88 

341.88 

407.88 

473.88 

539.88 

605.88 

19 

13.54 

78.64 

144.54 

810.64 

876.54 

342.54 

408.54 

474.64 

640.54 

606.64 

SO 

13.80 

79.20 

145.20 

811.80 

277.20 

343.20 

409.20 

475.80 

541.20 

607.20 

SI 

13.86 

79.86 

145.86 

211.86 

277.80 

343.86 

409.86 

476.86 

541.86 

607.86 

83 

14.58 

80.62 

146.52 

318.58 

278.52 

344.52 

410.62 

476.68 

542  52 

008.62 

33 

16.18 

81.18 

147.18 

313.18 

279.18 

345.18 

411.18 

477.18 

543.18 

009.18 

34 

15.84 

81.84 

147.84 

813.84 

279.84 

345.84 

41184 

477.84 

643.84 

009.84 

85 

16.60 

82.60 

148.50 

814.60 

280.50 

346.60 

412.50 

47a50 

644.60 

010.50 

86 

17.16 

83.16 

149.16 

815.16 

281.16 

347.16 

413.16 

479.16 

645.16 

611.16 

87 

17.83 

83.82 

149.82 

815.88 

281.82 

347.82 

413.82 

479.82 

546.82 

611.82 

88 

18.48 

84.48 

160.48 

816.48 

282.48 

348.48 

414.48 

480.48 

540.48 

612.48 

89 

19.14 

86.14 

161.14 

817.14 

283.14 

349.14 

416.14 

481.14 

547.14 

613.14 

30 

19.80 

85.80 

151.80 

817.80 

283.80 

349.80 

416.80 

481.80 

547.80 

613.80 

31 

80.46 

80.46 

152.46 

818.46 

284.46 

350.46 

416.46 

482.46 

54a40 

614.46 

38 

81.13 

87.12 

153.12 

819.18 

286.12 

361.12 

417.12 

483.12 

549.18 

615.12 

33 

81.78 

87.78 

153.78 

819.78 

285.78 

351.78 

417.78 

483.78 

649.78 

615.78 

34 

38.44 

88.44 

154.44 

380.44 

286.44 

352.44 

418.44 

4cMa4v 

650  44 

616L44 

36 

23.10 

89.10 

166.10 

831.10 

287.10 

363.10 

419.10 

485.10 

561.10 

617.10 

36 

23.76 

80.76 

165.76 

821.76 

287.76 

353.76 

419.76 

485.76 

551.76 

617.76 

87 

24.43 

90.42 

166.42 

822.43 

288.42 

354.42 

420.42 

486.42 

568.48 

61&42 

38 

85.08 

91.08 

157.08 

383.08 

289.08 

35.5.08 

421.08 

4H7.08 

553  08 

619  08 

39 

86.74 

91.74 

167.74 

833.74 

289.74 

355.74 

421.74 

487.74 

553.74 

619.74 

40 

86.40 

92.40 

15a40 

234.40 

290.40 

366.40 

422  40 

488.40 

664.40 

620.40 

41 

27.06 

93.06 

166.06 

225.00 

291.06 

357.06 

423.06 

489.06 

656.06 

621.06 

43 

27.78 

93.72 

150.78 

225.72 

291.72 

367.72 

423.72 

489.72 

665.73 

021.72 

43 

88.38 

94.38 

100.38 

226.38 

292.38 

358.38 

424.38 

490.38 

566.38 

622.38 

44 

39.04 

95.04 

161.04 

227.04 

293.04 

359.04 

425.04 

491.04 

557.04 

623.04 

45 

89.70 

95.70 

161.70 

227.70 

293.70 

359.70 

425.70 

491.70 

557.70 

623.70 

46 

30.36 

96.36 

102.36 

228.36 

29436 

300.36 

42636 

492.36 

558.36 

624.36 

47 

31.08 

97.02 

163.02 

229.02 

295.02 

361.02 

427.02 

49308 

559.08 

625.02 

48 

31.68 

97.68 

163.68 

229.68 

296.68 

361.68 

427.68 

493.68 

559.68 

62&68 

49 

3134 

9&34 

164.34 

230.34 

296.34 

362.34 

428.34 

493.34 

500LS4 

686.34 

P 

ROPOBTl 

ONAL  Pi 

LRTBTO 

TENTHS 

OF  A  LI 

NK. 

Link 

f 

0.1 

0.2 

0.3 

0.4 

0.6 

0.6 

0.7 

0.8 

0.9 

Foot 

»        • 

0.006 

0.138 

0.198 

0.264 

0..330 

0.393 

0.462 

0.638 

0.694 

0 


210 


TO  CONVERT  LINKS  INTO  FEET. 


TABLE 

TO  CONVERT  LIirKS  INTO  FEET,  AND  CONVSBBELT. 


IMFBRTAT.  LINKS. 

100 

MO 

aoo 

400 

0OO 

000 

TOO 

80O 

900 

liBks. 

VMt« 

Feel. 

Pwt. 

FMi. 

FMt. 

Ftot. 

FMi. 

F«ci. 

FMi. 

FMi. 

60 

33.00 

80.00 

166.00 

231.00 

297.00 

363.00 

420.00 

496.00 

661.00 

627.00 

61 

83.66 

00.66 

166.66 

231.66 

297.66 

363.66 

420.66 

496.66 

661.66 

697.66 

68 

34.32 

100.32 

166.32 

232.32 

298.82 

364.39 

430.82 

496.32 

662.32 

628.32 

63 

344)8 

100.98 

166.98 

232.98 

298.98 

364.98 

430.08 

496.98 

562.96 

628.08 

64 

36.64 

101.64 

167.64 

233.64 

299.64 

366.64 

431.64 

497.64 

663.64 

680.64 

66 

36.30 

102.30 

168.30 

234.30 

300.30 

366.30 

iSSLSO 

496.30 

664.30 

630.30 

60 

36.06 

102.96 

168iM 

234.96 

300.96 

366J6 

432.96 

498  96 

664  JM 

630  06 

67 

37.62 

103.62 

169.62 

236.62 

301.68 

367.62 

433.63 

49962 

666.62 

63162 

68 

38.28 

104.28 

170.28 

236.28 

302.28 

368.28 

434.28 

600.28 

566.28 

682J8 

60 

38.04 

104.04 

170.94 

236.94 

302JM 

368.94 

434.94 

600.94 

566.04 

632.04 

00 

80.60 

106.60 

171.60 

237.60 

308.60 

369.60 

436.60 

601.60 

667.60 

633.60 

M 

40.96 

106.96 

172.96 

23H.26 

304.26 

370.96 

436.26 

502.26 

668.96 

634.26 

6S 

40.02 

106J« 

172.92 

238.92 

304.92 

370.92 

436.92 

502.i» 

66&09 

63492 

63 

41.68 

107.68 

173.68 

239.68 

305.68 

871.68 

437.68 

503.58 

609.68 

636.68 

64 

42  24 

108.24 

174.24 

24a24 

306.24 

372.24 

438.24 

50424 

670.94 

636.24 

66 

42.00 

108.90 

174.90 

240.90 

306.90 

372.90 

438.90 

60490 

670.90 

636.80 

66 

43.66 

100.66 

175.66 

241.56 

307.66 

373.66 

439.66 

606.56 

671.56 

637.66 

67 

44.92 

110.22 

176.22 

242.22 

308.22 

374.22 

440.22 

606.22 

572.22 

638.22 

68 

44.88 

110.88 

176.88 

242.88 

308.88 

374.88 

440.88 

506.88 

672.88 

638.88 

6» 

46.64 

111.64 

177  64 

243.64 

309.54 

376.64 

441.64 

607.64 

673.64 

630.64 

70 

46.20 

112.20 

178.20 

244.20 

310.20 

376.90 

442.20 

508.20 

67490 

640.90 

71 

46.86 

112.86 

17&86 

244.86 

310.86 

376.86 

442.86 

608.86 

674.86 

640.86 

79 

47.62 

113.68 

179  52 

245.62 

311.62 

377.59 

443.62 

609.62 

676.69 

641.68 

73 

48.18 

114.18 

180.18 

246.18 

31218 

37818 

444.18 

610.18 

67&18 

648.18 

74 

48.84 

114.84 

180.84 

246.84 

312.84 

378.84 

w4*.o4 

510.84 

676.84 

648.84 

76 

40.60 

116JiO 

181.60 

947.60 

313.60 

379.50 

446.60 

611.50 

677.60 

643.60 

76 

6ai6 

116wl6 

182.16 

948.16 

314.16 

380.16 

446.16 

612.16 

678.16 

64416 

77 

60.82 

116.82 

182.82 

948.89 

314.89 

380.89 

446.82 

612.82 

678.89 

644.88 

78 

61.48 

117.48 

183.48 

949.48 

316.48 

381.48 

447.48 

613.48 

679.48 

645.48 

79 

62.14 

118.14 

184.14 

95ai4 

316.14 

882.14 

448.14 

61414 

680.14 

646.14 

80 

62.80 

118.80 

184.80 

950.80 

316.80 

382.80 

44&80 

61480 

680.80 

64&80 

81 

63.46 

110.46 

186.46 

96L46 

317.46 

383.46 

448.46 

61&46 

681.46 

647.40 

82 

64.12 

120.12 

186.12 

962.12 

318wl9 

384.12 

460.12 

616.13 

689.19 

648.18 

83 

64.78 

12a78 

186.78 

258.78 

318.78 

384.78 

46a78 

616.78 

689.78 

64&78 

84 

66.44 

121.44 

187.44 

263.44 

319.44 

386.44 

461.44 

617.44 

683.44 

640.44 

86 

66.10 

122.10 

18ai0 

964.10 

320.10 

386.10 

462.10 

61&10 

68410 

66ai0 

86 

66.76 

122.76 

188.76 

96476 

320.76. 

386.76 

462.76 

61&76 

68476 

660.76 

87 

67.42 

123.42 

180.42 

966.49 

321.42 

387.42 

463.42 

619.42 

686.43 

661.42 

88 

68.06 

124.08 

100.08 

956.08 

322.06 

388.08 

464.06 

680.08 

686.06 

662.06 

80 

68.74 

121.74 

100.74 

256.74 

322.74 

388.74 

464.74 

680.74 

686.74 

668.74 

00 

60.40 

125.40 

101.40 

867.40 

323.40 

380.40 

466.40 

681.40 

587.40 

653.40 

01 

60.06 

196.06 

102.06 

268.06 

324.06 

300.06 

46&06 

688.06 

688.06 

66406 

02 

60.72 

196.79 

102.72 

268.72 

324.72 

890.72 

466.72 

638.79 

688.79 

65479 

03 

61.38 

197.38 

108.38 

260.38 

326.38 

301.38 

457.38 

683.38 

689.38 

666.38 

04 

62.04 

198.04 

104.04 

260.04 

326.04 

302.04 

468.04 

68404 

600.04 

666.04 

06 

62.70 

198.70 

194.70 

260.70 

326.70 

892.70 

468.70 

63470 

600.70 

666.70 

06 

63.36 

199.36 

196.36 

961.36 

327.36 

393.36 

460.36 

685.36 

601.36 

667.36 

07 

64  02 

130.09 

19flL02 

962.02 

82&02 

394.02 

400.02 

68&0S 

609.09 

668.09 

08 

64.68 

1.'M.68 

196.68 

262.68 

328.68 

394.68 

461.68 

686.68 

609.68 

668.68 

00 

66.34 

131.34 

197.34 

263.84 

389.34 

306.34 

462.34 

627.34 

603.34 

660.34 

1 

PAOPOAT 

lONAL  E 

kXa  TO  TBMTH8 

OF  ▲  Ul 

«K. 

Linl 

u. 

0.1 

0.2 

0.3 

0.4 

0.6 

0.6 

0.7 

0.8 

6.0^ 

Fetl 

U 

0.066 

0.132 

0.196 

0.964 

0.330 

0.306 

0.468 

0.688 

0.5^ 

TO  CONVERT  LINKS  INTO  FEET.  211 

EXEMPLIFICATION  OF  THE  USE  OF  THE  TABLE. 
1.  In  636  linlcBhow  many  feet  ?  .  .  .  Ans.  419.7G  feet. 


2.  In  758.5  links  how  many  feet  < 

758    links  give 500.28  feet. 

0.5  links  gives  .  0.88  feet. 


758.5  links  give  500.61  feet. 


3.  In  457.6  feet  how  many  links  ? 

457.88  feet  give                .....  693.00  links. 

0.198  foot  gives            .....  0.80 

0.022                 ......  0.08 


457.600  feet  give              .....  693.88  links. 

4.  In  84568  links  how  many  feet  1 

34500  links 22770.00  feet. 

68  links          ......  44.88  feet. 


3466^8  links 22814.88  feet. 


5.  The  length  of  aline  of  a  survey  is  4725.6  links ;  required  the  length  in  feet  ? 

4720     links         ......     8115.200  feet. 

5.6  links         ......  8.696  feet. 


4725.6  links         ......     8118.896  feet. 


6.  The  length  of  a  survey  is  654.7  feet ;  required  the  length  in  links  i 

654.06  feet  .....        991.00  links. 

0.6402  0.97  links. 


664.7002  .  .  .  .  .991.97  links. 

Or,  since  654.72  feet  s  992  links>  this  may  be  considei*ed  the  equivalent  very 
nearly. 
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The  foregoing  Tables  for  convertiDg  roods,  perches,  poles,  or  falls, 
into  money,  will  be  found  useful  to  a  surveyor  or  a  land-^valuator 
for  ascertaining  the  value  of  an  estate. 

Example  1st.  Suppose  it  is  required  to  turn  3  roods  and  36 
perches  or  falls  into  cash,  valued  at  18s.  per  acre. 

Look  for  18s.  at  the  top  colamiiy  and  for  3  roods  in  the  left 

hand  column^  and  nnder  18,  and  opposite  3  roods,  is  £0  13    6 

Again,  look  for  36  perches  or  falls  in  the  left  hand  colamn, 

and  luider  188.  in  the  top  column,  is      .  .         .040^ 


Value,      .  .      0  17    6i 

Example  2d.  Suppose  2  roods  and  39  perches  or  poles,  valued 
at  lis.  per  acre,  is  required  to  be  turned  into  money. 

Look  at  the  lop  column  for  lis.,  and  in  the  left  hand  column 

for  2  roods,  and  opposite  it  under  lis.,  is       .         .         .£056 

Again,  look  for  39  perches  in  the  left  column,  and  opposite  it, 

under  11,  is 0    2    8^', 

Value,  .      0    8    2y^ 

Example  3d.  Suppose  15  acres  3  roods  and  14  perches,  valued 
at  12s.  per  acre,  is  to  be  turned  into  cash. 

First  multiply  16  acres  by  12s.,  the  quotient  is  ISOs.,  equal  to  £9  0  0 
Then  look  at  the  top  column  for  12s.,  and  opposite  3  roods^  is  0  9  0 
Then  opposite  14  perches,  and  under  12s.,  is  .         .         .010^ 


Value,     .         .         .      9  10    0^ 

Eooample  4th.  Suppose  20  acres  1  rood  and  35  perches  or  falls, 
valued  at  L.3, 10s.  per  acre. 

First,  £3,  10s.  is  »  708.,  which,  multiplied  by  20  acres^  is 

14008.= £70   0   0 

Then  look  into  the  tahle  for  ^£3,  and  opposite  1  rood,  is           •  0  15  0 

Again,  look  into  the  table  for  £3,  and  opposite  35  perches,  is  0  13  1^ 

Then  look  into  the  table  for  lOs.,  and  opposite  1  rood,  is         .  0  2  6 

Again,  look  into  the  table  for  10s.,  and  opposite  35  perches,  is  0  2  2;! 

Value,  .         .     71  12    9f 

Another  method  for  turning  acres,  roods,  perches,  poles  or  falls, 
into  money,  I  frequently  accomplish  by  the  table  for  reducing 
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acres,  roods,  &c.,  into  square  links,  page  224,  and  multiply  by 
the  amount  per  acre  the  ground  is  valued  at,  suppose  70s.  per  acre. 

Thus  20  acres,  when  turned  into  square  links,  is  .  20.00000 

1  rood,       ...         do.  .      is  .         •  25000 

35  perches,  poles,  or  falls,      do.         .      is  .         .  21875 

20.46875 

The  calculation  thus,  20.46875 

70s.  the  amount  per  acre. 

Shillings  1432.81250 

12 

Pence  9.75000 
4 

Farthings  3.0000 

1432  shillings,  is  .         .  .       £^\  12    0 

.81250  declmais  of  shillings,  is         .  0    0    9 

.75000  decimals  of  pence,  is    .  0    0    Of 

jC71  12    91  the  same  as  by  the 
Tables. 

Example  6th.  Required  the  value  of  1  acre  0  rood  7  poles ; 
Alexander  Buckham's  lot  in  the  following  measurement,  at  £10, 
10s.  per  acre : — 

1  acre  at  ^10, 10s. =     £10  10    0 

7  poles  at  £10, =         0    8    9 

7  poles  at  10s., =         0    0    5^ 

1  acre,  0  rood,  7  poles,  at  £10,  10s.,    .         .         =    £10  19    2j 

In  like  manner  the  values  of  the  remainder  of  the  lots  may  be 
found. 
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INFIELD    NOTES 

FOR  COMPUTIHO  THB  MEA8URXMBIIT  AND  VALUE  OF  CEBTAIlff  LOTS  OF  CLOVER  AND  RTB- 
ORABS,  SOLD  BT  MR  JAMB8  HOGARTH,  FARMBB,  BOOLBB-KEWTOWK,  TO  PERSONS  IN 
AND  ABOUT  THE  VILLAOB  OF  BIROHAM, 

Bt  WILLIAM  QALBRAITH,  Surveyor. 


DIMEN8I0MB  IN  IMPERIAL  LINK& 


It  may  be  remarked  that  when  a  field  is  measured  in  lots,  as 
above,  the  area  of  the  whole  field  should  be  found  in  the  usual  waj, 
from  independent  dimensions,  as  a  check  upon  that  obtained  fi*om 
the  sum  of  the  lots, — ^a  method  practised  by  the  editor  for  a  period 
of  ten  years,  when  he  was  annually  employed  in  pretty  extensive 
similar  measurements,  &c. 
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II.— MEASUREMENT    AND    VALUE 

or  THE  FOREGOING  LOTS  OF  CLOVER  AMD  RTB-ORASB,  SOLD  BT  MR  JAMES  HOGARTH,  TO 
THE  FOLLOWING  FBB80N8  REBIDINO  IN  AND  ABOUT  THE  VILLAGE  OF  BIBGHAM. 


Lots. 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 


Names  of  Purduuan. 


Alexander  Bnckfaam, 
Jamee  Ciichtoiiy 
John  Torner,    .    . 
Edmund  Dodds,  Ist, 
Thomas  M*Doagal, 
Thomas  Priagle,    . 
Thomas  J  ohiuton, 
James  Merton, 
John  Wood,     .    . 
Edmund  D<>dds,  2d, 
Robert  Stone, 
James  Service, 
James  Lightems,  . 


No.  of 
Ridges. 


2batt8 


Amount  of  the  whole, 


Measure. 


A. 

1 

0 
0 
0 


0 
0 


p. 
7 

7i 

8) 
9^ 


R. 

0 

2 

2 

2 

0    2  10 
0    2  10 

2  10 

2  10 
0  2  10 
0  2  10 
0  2  10 
0  2  1 
0    2    2 


7    2  271 


Price. 


L.    8.    D. 
10  10    0 


11  0  0 
11  15  0 
11  15    0 


Value. 


L.     8.     D. 

10  19    21 
5  r4  10 
16    2 

17 
18 
18 
18 
18 
18 
18 
3 


5 
5 
5 
5 
5 
5 
5 
5 
6 
5 
6 


!! 

9; 
9; 
9; 
9< 


18  11 
0    5 


I 


£82    1  11 


Ecdee,  June  18 — 


Measured  and  Calculated  by 

WILLIAM  OALBRAITH9  Surveyor. 

JAMES  HOGARTH,  Esq. 


It  may  be  remarked  that  the  preceding  table,  page  212,  &c., 
will  be  useful  in  computing  the  above  values,  and  in  all  similar  cases. 


The  following  remarks  and  principles  are  in  some  parts  of  the 
country  generally  attended  to,  especially  where  land  is  valuable ; 
because  when  a  field  or  more  is  to  be  surveyed,  it  is  necessary  to 
have  a  proper  knowledge  of  what  is  required,  otherwise  the  surveyor 
may  be  liable  to  take  his  dimensions  wrong,  which  will,  of  course, 
produce  an  erroneous  result,  since  it  would  not  be  that  exactly 
wanted. 

1.  If  the  crop  on  any  field  has  been  sold  at  a  certain  price  per 
acre,  the  station  or  signal  staves  must  be  put  down  exactly  at  its 
exterior  boundary, -so  as  ta  take  in  no  more  land  than  what  is  in 
actual  tillage  or  crop. 

2.  If  the  field  be  in  pasture,  the  signal  poles  ought  to  be  put 
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down  at  the  exterior  boundary,  or  that  edge  of  the  fence  or  ditch, 
(if  there  is  one,)  bo  that,  when  the  proper  dimensions  are 
taken,  the  true  and  just  area  of  the  whole  pasture-land  may  be 
obtained. 

3.  K  the  proprietor  of  an  estate  wants  a  survey  and  plan  of  it, 
the  following  particulars  should  be  attended  to. 

4.  First,  to  divide  the  estate  into  such  large  triangles  as  may  be 
necessary  to  give  a  correct  outline  of  the  whole,  and  from  which 
the  total  amount  of  acres  contained  in  it  may  be  determined. 

5.  Then,  to  proceed  to  particular  fields,  observing  to  measure  to 
the  interior  edge  of  the  ditch ;  for  although  when  in  tillage  it  can- 
not be  ploughed  and  cropped  exactly  to  it,  yet  when  in  pasture 
the  grass  can,  by  cattle,  be  eaten  to  it,  or  farther — consequently  it 
is  frequently  a  rule  to  survey  estates  in  this  way,  but  not  fields  for 
the  sale  of  crops. 

6.  Next  in  the  progress  of  the  survey,  proper  attention  should 
be  paid  to  the  fences,  so  as  to  obtain  their  just  area,  whether  they 
be  dikes,  ditches,  or  of  any  other  denomination. 

7.  K  a  field  should  have  a  double  fence  about  it — that  is,  a  dike 
having  a  hedge  and  ditch  on  each  side  of  it — then  one  half  of  this 
fence  belongs  to  the  one  field,  and  the  other  half  to  adjacent  field. 

8.  Again,  if  there  are  roads  intersecting  the  estate,  they  must  be 
taken  into  account  also;  for  although  they  cannot  be  reckoned 
arable  land,  yet  they  render  an  estate  much  more  valuable,  by  these 
means  havi/g  free  Le»  to  any  field,  and  an  easy  comm' Jcation 
to  markets,  lime,  coals,  manure,  &c. 

9.  When  a  road  is  bounded  on  both  sides  by  the  same  proprie- 
tor's land,  the  whole  road  is  measured  firom  ditch  to  ditch,  (if  such 
are  the  boundaries,)  or  the  side  or  edge  next  the  road  ;*  for  each 
ditch  must  be  occasionally,  as  it  is  technically  called,  scoured^  the 
hedge  cleaned,  and  the  dike  repaired.  Of  course,  the  landlord,  or 
his  tenant,  must  have  a  power  to  do  this  independent  of  the  road 
trustees,  though,  for  the  sake  of  the  road,  it  is  their  interest,  as  well 
as  his,  to  preserve  the  road  dry  and  clean,  by  having  the  ditches 
on  each  side  always  in  proper  order. 

10.  If  the  land  on  opposite  sides  of  the  road  belong  to  different 
proprietors,  then  one  half  of  the  road  is  supposed  to  belong,  or  is 
rather  assigned  to  one,  though  kept  separate,  and  the  other  half  to 
the  other  proprietor — of  course  not  strictly  their  property,  but  that 


*  In  this  case  the  dike,  and  both  ditches  on  each  side  of  it,  are  to  be  reckoned  the 
fences  of  the  field  to  which  they  belong. 
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of  the  public.     It  is  thus  easy  to  show  the  amount  of  road  aooommo- 
dation  in  a  property. 

11.  Lastly,  the  plantations,  meadows,  commons,  &c.,  must  be  all 
separately  measure,  and  their  contents  given  for  the  satisfaction 
of  the  proprietor ;  and  the  grand  total  resulting  from  all  these  par- 
ticulars will  be  the  whole  superficial  content  of  the  estate,  which 
must,  if  both  measures  are  correct,  agree  nearly  with  the  whole 
measurement  already  obtained  from  the  general  outline  formerly 
mentioned  in  No.  4,  which  affords  a  satisfactory  proof  of  the  truih 
of  all' the  operations. 

This  check  or  proof,  however,  is  seldom  attended  to  by  practical 
surve  jotB,  who  tLk  their  work  pretty  correct  if  withi^  one  aci« 
in  a  hundred  of  each  otiier. 

12.  Survey  of  a  small  farm  or  estate  in  conformity  witii  the  pre- 
ceding principles,  in  which  the  arable  land,  fences,  roads,  planta- 
tions, meadows,  commons,  ponds,  &c.,  are  kept  separate.  The 
following  is  an  outiine  of  a  few  fields  surveyed  by  the  editor  on 
this  plan  for  the  late  James  Dickson,  Esq.  of  Antonshill,  Berwick- 
shire. 


The  lines  representing  the  breadth  of  the  ditches  should  have 
been  dotted  lines  very  dose  to  the  exterior  continued  lines ;  but, 
for  want  of  room,  cannot  be  inserted  in  the  reduced  plan.  From 
the  arable  ground  to  the  root  of  the  hedge,  the  distance  generaliy 
measured,  as  a  mean,  about  10  links,  though  in  the  real  measure- 
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ment  of  the  fields  the  exact  distance  in  eyery  case  was  carefully 
measured. 


MEASUREMENT. 


No. 


1 
2 
3 


4 
5 


NaiDMofflelcU. 


Wrangham  Hill, 
Brick  Lee, 
Moor  Fftrk,     . 

Sums, 


Amble  land. 


Acm. 

19.710 

3.698 

8.506 


31.914 


Plantation  in  Wrangham  Hill,        .    . 
Roads  on  the  west  side  of  Moor  Pbrk, 


Total, 


Fenoet. 


Acres. 
0.614 
0.248 
0.388 


1.250 


Amount. 


Acm. 

20.324 

3.946 

8.894 


33.164 

1.038 
0.530 


34.735 


The  road  from  Kelso  to  Berwick,  and  from  Eccles  to  Grizelrigg, 
being  public  or  parish  roads,  are  not  here  included,  though  their 
contents  might,  from  the  data,  have  been  computed. 


Surveyed  by 


W.  OALBRAITH. 


£cclc9, 18 — . 


MEASURING    TIMBER. 

As  in  the  measuring  either  standing  or  cut  timber,  a  land-sur- 
veyor is  often  employed  to  ascertain  the  solid  contents  in  feet,  the 
following  Table  will  be  found  very  expeditious  for  that  purpose. 
The  Table  needs  little  explanation.  As  every  person  knows  that 
the  length  and  girth  must  be  taken  before  the  contents  can  be 
known,  I  shall  here  only  mention  what  way  the  girth  is  taken. 

Suppose  a  tree  from  the  bottom  to  the  top  tapers  equally  all  the 
way, — take  the  girth  or  circumference  in  the  middle,  and  divide  it 
by  4,  which  g^ves  what  is  called,  in  customary  measure,  the  quarter 
girth,  or  aide  of  the  square — that  is  to  say,  when  the  bark  is  cut  ofi' 
the  tree,  and  squared,  it  has  four  equal  sides ;  and  the  girth  being 
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taken  in  the  middle  of  the  tree  gives  a  mean  thickness :  but  as 
many  trees  are  unequal,  in  that  ease  it  will  be  necessary  to  take 
the  girth  or  circumference  of  the  tree  in  three,  four,  five,  or  six 
places,  and  add  all  the  different  girths  into  one  sum,  suppose  five 
girths;  dividing  the  sum  by  five,  gives  a  mean,  and  by  dividing 
the  mean  girth  by  four,  gives  the  side  of  the  square  commonly 
called  the  quarter  girth.  Whatever  number  of  times  the  girth 
has  been  taken,  the  sum  of  the  girths  must  be  divided  by  that 
number ;  and  be  particular  in  taking  the  girths  nearly  at  equal 
distances. 

TABLE  FOR  MEASURING  TIMBER. 


Quarter 

(Inarter 

Quarter 

girth. 

Area. 

girth. 

Area. 

girth. 

Area. 

IncbM. 

F.  D«c. 

Indies. 

F.  Dec. 

Inohes. 

r*.  Dec 

6 

0.260 

164 

1.890 

264 

4.876 

6i 

0.294 

17 

2.006 

27 

6.062 

7 

0.340 

174 

2.126 

274 

6.262 

7i 

0.390 

18 

2.260 

28 

6.444 

8 

0.444 

184 

2.376 

284 

6.640 

8i 

0.601 

19     . 

2.606 

29 

6.840 

9 

0.662 

194 

2.640 

294 

6.040 

94 

0.626 

20 

2.717 

30 

6.260 

10 

0.694 

204 

2.917 

30^ 

6.469 

lOi 

0.766 

21 

3.062 

31 

6.739 

11 

0.840 

214 

3.209 

3H 

6.902 

Hi 

0.918 

22 

3.362 

32 

6.111 

12 

1.000 

224 

3.616 

324 

7.336 

124 

1.086 

23 

3.673 

33 

7.669 

13 

1.174 

234 

3.836 

334 

7.792 

13i 

1.266 

24 

4.000 

34 

8.022 

14 

1.861 

244 

4.168 

844 

8.260 

14i 

1.460 

26 

4.340 

36 

8.607 

16 

1.662 

264 

4.616 

364 

8.707 

164 

1.668 

26 

4.692 

36 

8.930 

16 

1.777 

N.B. — The  number  of  the  area  opposite  the  quarter  girth,  in  the 
right  hand  column  in  the  Table,  must  be  multiplied  by  the  length 
of  the  plank  or  tree  in  feet,  and  the  product  will  be  the  content  in 
feet  and  parts  of  a  foot. 

Suppose  a  plank  to  be  22  feet  Jong,  and  the  mean  quarter  girth 
14  inches — ^look  into  the  table  for  14  inches,  and  opposite,  in  the 
right  hand  column,  and  under  area,  is  1.361 ;  which,  multiplied  by 
22,  is  equal  to  29  feet,  942  decimals ;  and  if  you  multiply  die  deci- 
mals by  12,  is  29  feet,  11  inches,  ^vV 
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Again,  suppose  a  tree  to  be  30  feet  long,  60  inches  girth  at  the 
thick  end,  40  inches  girth  in  the  middle,  and  20  inches  girth  at 
the  small  end — ^add  up  all  the  girths  into  one  sum,  which  is  120 ; 
which  sum,  divided  by  three,  the  quotient  is  40  inches  for  a  mean 
girth ;  then  divide  40  by  four,  which  is  10  for  the  quarter  girth  r 
lastly,  look  into  the  table  for  the  number  opposite  10  inches,  and 
you  will  find  .694 ;  which  number,  multiplied  by  30,  the  length  of 
the  tree,  the  quotient  is  20  feet,  820  partB,  or  20  feet,  9  inches,  M- 


ART.  IV.— OF  THE  DIVIDING  OF  LAND. 

The  dividing  of  land  may  be  considered  as  a  principal  part  of  a 
land-measurer^s  business,  as  he  is  frequently  employed  in  dividing 
such  amongst  sundry  tenants  and  proprietors,  according  to  the  pro- 
portion of  their  claims.  In  many  instances,  the  division  relates 
only  to  the  quantity  that  each  claimant  is  entitled  to;  and,  in 
others,  the  quality  as  well  as  quantity  must  be  taken  into  account. 
The  Siist  operation  that  a  land-surveyor  has  to  perform  is,  to  ascer- 
tain' accuratdly,  by  some  of  the  methods  before  mentioned,  the 
content  or  area  of  the  whole  land ;  and  a  correct  draught  of  it  is 
to  be  made  out  upon  a  large  scale. 

The  following  Table  will  be  found  very  useful  for  such  divi- 
sions, as  acres,  roods,  falls,  or  perches,  for  reducing  them  into 
square  links. 
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TABLE 

FOR  CONTBRTINO  ROODS  AND  POLKS  INTO  SQUARE  LINKS,  AND,   CONYBRSELT,  TO  CHAN6R 
SQUARE  LINKS,  OR  THE  DECIMALS  OP  AN  ACRE,  INTO  ROODS  AND  POLES. 


PolflS. 

ORood. 

IRood. 

S  Roods. 

SRoodt. 

Dec  of  Pole. 

Llnkt. 

0 

0 

25000 

50000 

76000 

0.0 

00.0 

1 

625 

25625 

50625 

75626 

0.1 

62.5 

2 

1250 

26250 

51260 

76250 

0.2 

126.0 

S 

1875 

26875 

51379' 

76875 

0.8 

187.5 

4 

2500 

27500 

52600 

77500 

0.4 

260.0 

6 

3125   , 

28125 

53125 

78125 

0.5 

312.6 

6 

3720 

28750 

53720 

78750 

0.6 

872.0 

7 

4375 

29375 

54375 

79375 

0.7 

437.5 

8 

5000 

30000 

56000 

80000 

0.8 

600.0 

9 

5625 

30625 

66625 

80626 

0.9 

662.5 

10 

6250 

31250 

56250 

81260 

11 

6875 

31875 

56876 

81876 

0.01 

6.26 

12 

7500 

82500 

57500 

82500 

0.02 

12.60 

18 

8125 

33125 

58125 

83125 

0.03 

18.76 

14 

8750 

33750 

58760 

83760 

0.04 

26.00 

16 

9375 

34375 

59375 

84376 

0.06 

31.25 

16 

10000 

35000 

60000 

85000 

0.06 

37.20 

17 

10625 

35625 

60626 

85626 

0.07 

48.76 

18 

11250 

36250 

61260 

86260 

0.08 

60.00 

19 

11875 

36875 

61876 

86876 

0.09 

56.25 

20 

12500 

37500 

62600 

87600 

21 

13125 

38125 

63126 

88126 

0.001 

0.625 

22 

13750 

38750 

63760 

88760 

0.002 

1.250 

23 

14375 

39375 

64376 

89375 

0.003 

1.875 

24 

15000 

40000 

66000 

90000 

0.004 

2.600 

25 

15625 

40625 

66625 

90626 

0.006 

3.126 

26 

16250 

41250 

66250 

91250 

0.006 

3.720 

27 

16875 

41875 

66875 

91875 

0.007 

4.375 

28 

17500 

42600 

67500 

92500 

0.008 

5.000 

29 

18125 

43125 

68125 

93125 

0.009 

5.625 

30 

18750 

43760 

68750 

93760 

81 

19375 

44375 

69375 

94375 

0.0001 

0.0626 

32 

20000 

45000 

70000 

96000 

0.0002 

0.1250 

S3 

20625 

45625 

70266 

96625 

0.0008 

0.1875 

34 

21250 

46260 

71260 

96250 

0.0004 

0.2600 

35 

21875 

46876 

71875 

96875 

0.0005 

0.3125 

36 

22500 

47500 

72250 

97600 

0.0006 

0.3720 

37 

23125 

48125 

73125 

98125 

0.0007 

0.4375 

38 

23750 

48750 

73750 

98750 

0.0008 

0.5000 

39 

24375 

49375 

74375 

99375 

0.0009 

0.5626 

Since  1  acre  is  100000  square  links,  any  number  of  acres  is 
equal  to  that  number  with  five  ciphers  on  its  right,  to  which  the 
number  for  roods  and  poles  from  the  preceding  table  being  added, 
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the  Bum  will  be  the  whole  number  of  square  links  in  the  given 


area. 


1.  Thus  2^  acres,  or  2  acres  and  2  roods,  will  be  in  square  links — 

Square  Llnkn 

2  acresy         .....  200000 

2  roodfly        .....  50000 


2  acres  2  roods  in  square  Imks  are 


250000 


2.  Required  the  number  of  square  links  in  4  acres  3  roods  and 
25  poles — 


4  acreSy  .... 

3  roods  and  25  poles, 

4  acres  3  roods  25  poles  in  square  links 


Square  Links. 
400000 

90625 
490625 


3.  Required  the  acres,  roods,  and  poles  in  756345  square  links — 

First  there  are,  by  pointing  off  5  figures  to  the  right,  7  acres. 
Then  56345  square  links  are  equal  to  2  roods  10  poles,  with 
95  square  links  more. 
But      62.5  give     ....  0.1      pole 


32.5 

31.25  give    . 


1.25 

]  .25  give    . 


0.05 


0.002 


99 


»» 


Therefore  05  links  give       .  .  •  0.152  pole. 

Hence  756345  square  links  =  7  ac.  2  ro.  10.152  po. 

This  last  operation  maj  generally  be  omitted  as  aiming  at 
unnecessary  precision. 

Suppose  the  square  A  B  C  D  consists  of  10  acres — 2J  acres  were 
sold ;  how  far  will  it  reach  up  the  enclosure,  parallel  with  the  side 
AB?      Look  into  the  table,  p.  224,  for 
showing  how  many  square    links   are  in 
2    acres   2   roods,   which   by  the  table  is 
250000 ;  which  divide  by  1000,  the  length 
of  the  side  A  B,  and  the  quotient  is  250  links, 
which  must  be  measured  from  A  to  6  on  the 
side  AD.     The  same  distance  must  be  mea-  a 
sured  on  the  line  B  C  to  6,  and  the  dotted 
line  e  e  is  the  line  of  division,  which  is  2^  acres  parallel  with  the 
side  A  B,  and  leaves  7  acres  2  roods  in  the  field  ee  DC. 
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The  four-«ded  figure  E  F  G  H  consists  of  12  acres  1  rood  11 
perches;  and  it  is  required  to  measure  off  5  acres  parallel  with  the 
side  H  E,  which  is  1270  Unks  long.  Look 
into  the  Table  how  many  square  links  are 
in  5  acres,  which  by  the  Table  is  500000 ; 
which  divide  by  1270,  the  length  of  the 
side  H  E,  the  quotient  is  393f  links ;  mea- 
sure off  that  distance  from  H  to  V  on  the 
side  H  G,  and  the  same  distance  on  the  side 
E  F  to  1/  the  dotted  line  t  t  is  the  divi- 
sion, and  is  parallel- with  HE;  the  land 
next  H  E  being  5  acres,  and  the  land  next  G  F  is  7  acres  1  rood 
11  perches. 

The  triangle  I K  L  contains  4  acres  2  roods,  which  has  to  be 
divided  between  two  men,  one  to  have  1  acre  2  roods  35  perches, 
and  the   other  to  have  2  acres  3  roods  i. 

5  perches.  The  length  of  the  line  K  I  is 
1000,  and  the  division  to  be  made  from 
L,  to  fall  upon  the  base  L  K,  2  acres 

3  roods  5  perches,  by  the  Table  is  278125 
square  links ;  which  divide  by  500,  half 
the  length  of  the  base  K  I ;  the  quotient 
is  556  links,  which  must  be  laid  off  perpen- 
dicular from  the  line  K  L  upon  IK  to  h;  then  draw  the 
line  L  A,  which  makes  the  diviBion.     Or  it  may  be  done  thus :  If 

4  acres  2  roods,  which  by  the  Table  is  450000  square  links,  what 
will  278125  give  upon  die  line  K I  ?  Answer,  618  links,  which 
lay  off  from  K  on  the  line  towards  I,  which  will  reach  to  Ay 
draw  in  the  Une  from  L  to  A,  which  makes  the  division  next 
E  2  acres  3  roods  5  perches,  and  the  division  next  I  1  acre 
2  roods  35  perches. 

The  triangle  L  M  N  consists  of  5  acres,  20  perches,  and  has 
to  be  divided  betwixt  three  proprietors  from  the  angle  at  M ;  the 
person  next  N  to  get  2  acres,  and  the  person  next  L  to  get  1  acre, 
19  perches — ^the  length  of  the  line  M  N  is  930  links.  By  the  Table 
2  acres  is  200000  square  links ;  which  divided  by  465,  half  the 
length  of  M  N,  the  quotient  is  432,  which  must  be  liud  off  perpen- 
dicularly from  the  line  M  N  till  it  intersect  the  line  N  L  at  %;  then 
draw  in  the  dotted  line  from  M  to  t,  which  finishes  the  2  acre 
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share;  then  measure  the  length  of  M  L, 
which  is  1060.  One  acre  and  19  perches 
or  falls  bj  the  table  is  111875  square 
links;  which  divide  by  530,  half  of  the 
length  of  the  line  M  L ;  the  quotient  is 
211,  which  must  be  laid  off  perpendi^ 
cularly  with  the  line  M  L,  and  will  inter- 
sect the  line  L  N  at  K;  draw  in  the  dotted  line  from  Tc  to  M,  which 
divides  it  into  3  triangles,  viz.  M  N  t  =  2  acres,  M  t  &  =  2  acres, 
1  perch,  and  the  triangle  M  A;  L  is  1  acre,  19  perches,  laid  down 
upon  a  scale  of  ten  chains  in  an  inch.  (>,  once  the  triangles  are 
in  the  ratio  of  their  bases,  the  altitude  being  the  same,  the  points  % 
and  k  may  be  found  by  distributive  proportion,  when  L  N  is  known. 

The  triangle  O  P  Q  consists  of  12  acres,  and  has  to  be  divided 
into  halves  parallel  with  the  line  O  P.  First,  from  12  acres,  deduct 
6,  there  remain6  acres; 
which  turned  into 
square  links  by  the 
Table  (see  page  224,) 
amounts  to  600000; 
the  length  of  the  line 
OQ  is  1330,  the  square 
of  which  is  176900,  the  o 
half   is    884450,    the 

square  root  of  which  is  940 ;  which  must  be  measured  off  from 
O  to  971  on  the  O  Q  line.  The  dotted  line  Tnn  laid  off  parallel  with 
O  P  divides  the  triangle  in  halves. 


The  triangular  field  L  M  N,  which  has 
to  be  divided  betwixt  three  men,  consists  of 
12  acres ;  one  man  to  have  3  acres,  a  second 
to  have  4  acres,  and  the  third  to  have  5 
acres,  and  the  division  of  all  three  to  com- 
mence from  O.  First,  draw  an  obscure  line 
from  O  to  the  angle  M :  the  length  of  the 
base  L  N  is  2400  links;  then  say,  if  12 
acres  give  2400  links,  what  will  3  acres 
give  ?  the  result  will  be  600 :  which  lay  off 
from  L  to  P,  and  leave  a  mark ;  then  say, 
if  12  acres  give  2400,  what  will  4  acres 
give?  the  result  will  be  800;  which  lay 
off  upon  the  base  line  from  P  to  Q,  and 
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leave  a  mark.    Again  saj,  if  12  acres  give  2400,  what  will  5 
acres  give  ?  the  result  will  be  1000 ;    which  distance  lay  off  from 
Q,  and  if  it  coincides  with  the  angle  at  N,  you  are  certain  no 
mistake  is  made.    You  then  lay  a  parallel  ruler  upon  the  obscure 
line  O  M,  and  move  it  parallel  to  the  mark  left  at  P ;  and  where 
it  intersects  the  line  L  M,  make  a  mark  at  S ;  draw  the  line  O  S, 
which  finishes  Lot  1st.     You  then  lay  the  parallel  ruler  again 
upon  the  obscure  line  O  M,  and  move  it  parallel  to  the  mark  at 
Q,  and  make  a  mark  upon  the  line  M  N  where  the  edge  of  the 
ruler  crosses  it  at  R.    Lastly,  draw  the  line  O  B,  which  divides 
the  triangle  according  to  the  proportion  required.    A  variety  of 
other  examples  might  be  given  to  divide  triangles  into  any  number 
of  shares ;  but  as  a  land-measurer  seldom  meets  with  land  lying  in 
such  regular  forms,  it  will  be  necessary  to  give  a  few  examples, 
which  may  be  of  service  to  him  when  he  is  called  upon  to  divide 
irregular  pieces  of  laud.     1st,  The  general  method  used  by  land- 
measurers  is,  after  having  measured  the  ground  proposed  to  be 
divided  with  great  accuracy,  and  having  plotted  it  upon  a  large 
scale,  to  draw  a  line  (by  guess)  upon  the  protracted  rough  draught, 
and  calculate  how  mudi  is  contained  between  the  promiscuous  line 
and  the  boundary ;  if  too  little,  what  is  required  must  be  added, 
suppose  it  wanted  1  acre,  2  roods,  which,  turned  into  square  links 
by  the  table,  is  150000.     This  number,  divided  by  the  length  of 
the  guessed  line,  which  suppose  is  900  links,  the  quotient  is  166 
links,  and  is  to  be  laid  off  parallel  with  the  guessed  line,  which 
should  be  drawn  in  upon  the  rough  plan,  and  the  quantity  of  acres 
and  decimals  inserted.     2d.  Draw  another  line  by  guess  for  the  2d 
division,  and  cast  up  the  contents.     K  it  is  too  large  it  must  be 
made  less ;  suppose  it  is  3  roods,  5  perches,  turn  it  into  square 
links  by  the  table,  which  is  78125,  and  divide  it  by  the  length  of 
the  last  guessed  line,  which  measures  upon  the  plan  750;  the 
quotient  is  104  links ;   which  distance  must  be  laid  off  upon  the 
plan  parallel  with  the  guessed  line.     This  will  divide  the  field  into 
three  shares,  which  must  now  be  staked  off  upon  the  ground.   This 
may  be  very  expeditiously  done  in  the  following  manner :  take  the 
rough  plan  to  the  field,  and  with  scale  and  compasses  measure  from 
any  comer  on  the  plan  you  know  to  the  first  division  on  the  plan, 
suppose  it  is  5  chains ;   measure  the  same  distance  on  the  ground, 
and  drive  in  a  stake  for  the  first  division ;   then  measure  and  see 
how  far  it  is  with  the  scale  and  compasses  upon  the  plan  to  the 
next  division,  from  any  point  you  know,  both  on  the  plan  and  the 
ground,  suppose  150  links;  measure  off  that  distance  on  the  ground 
from  the  comer,  and  drive  in  a  stake  for  the  next  division ;   then 
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go  to  the  other  side  of  the  field,  and  find  out  some  place  you  know, 
both  upon  the  plan  and  on  the  ground,  and  measure  upon  the  plan 
how  many  links  it  is  to  the  first  division  line,  which  suppose  850 ; 
measure  off  that  distance  upon  the  ground,  and  drive  in  a  stake, 
and,  if  jou  think  it  necessary,  you  may  drive  in  three  or  four  addi- 
tional stakes  in  a  line  from  the  one  stake  to  the  other;  then 
measure  on  your  plan  a  distance  of  20  links  that  the  2d  division 
line  is  from  an  angle  you  know ;  measure  20  links  from  that  angle 
on  the  ground,  and  drive  in  a  stake ;  and  if  you  think  proper,  you 
may  drive  in  three  or  four  more  stakes  in  a  line  from  one  stake  to 
another,  which  finishes  the  division ;  and  the  number  of  acres  in 
each  division  should  be  inserted  on  the  plan. 

A  B  C  D  is  an  oblong  field  laid  down  from  a  scale  of  20  chains 
in  an  inch,  and  contains  25  acres.  The  proprietor  sold  9  acres  2 
roods,  and  wished  it  staked  off  parallel  d  «  /         c 

with  the  line  A  D.  The  distance  from  A 
to  D  is  10  chains :  look  into  the  Table 
p.  224,  how  many  square  links  there  are 

in  9   acres   2  roods,  which  is  950000;   ^  i  7        b 

when  divided  by  1000  links,  the  length  of  A  D,  the  quotient  is 
950 ;  which  distance  lay  off  with  the  scale  and  compasses  upon  the 
plan,  which  will  reach  from  A  D  to  e  e.    He  likewise  sold  5  acres 

2  roods  25  perches  parallel  with  the  line  B  C,  which  is  10  chains 
or  1000  links  in  length,  which  by  the  table  is  565625  square  links; 
jvrhich  number  divided  by  1000,  ihe  length  of  B  C,  gives  566 ;  which 
lay  off  with  the  scale  parallel  with  the  line  C  B,  which  will  extend 
to//;  let  the  same  distances  be  measured  off  upon  the  ground  as 
are  laid  off  with  the  scale  and  compasses  on  the  plan,  and  the 
divisions  are  finished. 

Suppose  the  rectangular  field  E  F  O  H,  containing  55  acres  3 
roods  8  perches,  was  to  be  divided  into  10  acres,  8  acres,  12  acres, 
and  7  acres,  and  the  remainder  next  r 
G  F  to  be  another  lot  of  18  acres 

3  roods  8  perches.  First  look  into 
the  table,  and  see  how  many  square 
links  there  are  in  ten  acres,  which 
will  be  found  to  contain  1000000; 
divide  it  by  the  shortest  side  E  H 
1800,  and  the  quotient  is  550 ;  which  distance  take  off  from  the 
scale  of  20  chains  in  an  inch,  and  lay  it  off  upon  the  plan  parallel  with 
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the  line  E  H,  which  will  extend  to  A  A ;  then  look  into  the  table  for 
the  square  links  in  8  acres,  which  is  800000,  and  divide  it  by  1800, 
the  length  of  h  A,  and  the  quotient  is  444 ;  which  distance  being 
laid  off  from  h  A,  will  reach  to  $  t ;  then  look  into  the  table  for  the 
square  links  in  12  acres,  which  is  1200000 ;  this  divided  by  1800, 
the  length  of  «  t,  the  quotient  will  be  666;  which  lay  off,  and  it 
will  extend  from  1 1  to  h  h.  Lastly,  look  into  the  table  for  the 
square  links  that  there  are  in  7  acres :  this  is  found  to  be  700000; 
that  number  divided  by  the  length  of  k  A,  1800,  the  quotient  is 
388,  which  lay  off  from  the  scale  from  A  A,  and  it  wiU  extend  to 
m  m,  and  the  remaining  lot  will  be  18  acres  3  roods  8  perches. 

This  figure  represents  the  outline  of  a  farm  consisting  of  236  acres 
3  roods  12  perches,  which  the  proprietor  ¥rished  to  divide  into  two 
farms  of  equal  dimensions.  Af- 
ter an  exact  survey  and- plan 
made  out  upon  a  large  scale,  it 
was  divided  into  triangles  and 
trapeziums.  The  area  of  each 
was  inserted  upon  the  large 
plan,  merely  to  give  an  idea 
where  a  promiscuous  line  could 
be  drawn,  not  far  from  where 
the  division  would  run.  Ac- 
cordingly a    line  was  drawn 

bom  C  C,  represented  in  the 
plan  with  wide  dots,  to  distin- 
guish it  from  the  other  dotted 
lines  drawn  for  the  purpose  of 
dividing  it  into  triangles  and 
trapeziums  for  ascertaining  the 
area.  The  trapezium  A  is  82 
acres  5  perches,  the  triangle  B 
is  17  acres  2  roods  16  perches, 
and  the  triangle  D  is  6  acres  1 
rood  19  perbhes ;  when  added 
together,  the  sum  is  106  acres, 
which,  is  short  of  half  the  farm 

by  12  acres  1  rood  26  perches.  The  next  thing  to  be  done  is  to 
measure  the  length  of  the  guessed  line  C  C  upon  the  plan,  which 
is  3300;  then  look  into  the  table  .how  many  square  lixiks  are 
in  12  acres  1  rood  26  perches,  which  is  1235200;  when  this  ia 
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divided  bj  3300  (the  length  of  the  guessed  line  C  C)  the  quotient 
is  374 ;  which  lay  off  parallel  with  the  line  C  C,  which  will  divide 
the  farm  into  two  eqaal  parts,  by  drawing  in  the  division  line  D  D. 
In  the  dividing  of  land,  the  measurer  in  general  keeps  an  ac- 
count of  the  number  of  links  wanting  to  make  up  the  division,  as  he 
has  to  drive  stakes  in  the  ground,  and  to  measure  off  the  number 
of  chains  and  links,  from  some  angle  that  he  knows  upon  the  field, 
to  the  line  of  division. 

Suppose  15  acres  were  to  be  staked  off  from  the  irregular  field 
ABC  D,' which  consists  of  40  acres :  from  the  point  A  first  measure 
the  boundary  carefully  round  from  A  by  B 
towards  C,  till  you  think  you  have  been 
nearly  half  way  round  to  C ;  take  an  angle, 
and  measure  from  C  to  A ;  then  plot  all  you 
have  measured,  and  lay  it  down  upon  a  large 
scale,  and  cast  up  the  contents,  which  you 
find  is  considerably  more  than  you  want; 
you  then  draw  a  line  by  guess  from  A  to  B 
upon  the  plan  and,  after  calculating  it,  you 
find  it  is  only  11  acres  2  rood  32  perches,  which  is  short  of  15  acres 
by  3  acres  2  roods  8  perches.  Look  into  the  table  for  the  number 
of  square  links  contained  in  3  acres  2  roods  8  perches,  viz,  355000; 
then  measure  the  length  of  the  line  A  B,  which  is  1950,  and  divide 
355000  by  that  number,  the  quotient  is  182^  for  the  breadth  of  a 
parallelogram ;  which  distance  must  be  doubled  on  account  of  its 
being  a  triangle ;  then  lay  off  from  the  scale  365,  being  twice  182^, 
from  B  to  the  boundary  at  D ;  then  draw  the  line  D  A  upon  the 
plan,  and  measure  off  ^e  distance  365  on  the  ground,  and  drive 
in  stakes  from  D  to  A,  and  it  is  finished,  leaving  25  acres  on  one 
side,  and  15  on  the  other  of  the  division  line. 

This  figure  is  to  be  divided  into  four  equal  parts  from  a  spring 
at  A,  and  each  division  to  have  the  benefit  of  the  water.  First 
measure  the  whole  field  correctly,  and  also  the  situation  of  the 
spring ;  plot  the  field  with  great  care  from  a  large  scale,  and  calcu- 
late it  by  some  of  the  methods,  (before  mentioned  in  Areas,)  which 
is  found  to  consist  of  90  acres,  the  fourth  of  which  22  acres  2 
roods  for  each  share.  Draw  a  line  from  A  to  B  and  another  line 
by  guess,  which  is  dotted,  to  D;  then  calculate  the  trapezium, 
A  B  C  D ;  which  is  short  of  22  acres  2  roods,  by  2  acres  2  roods 
3  perches ;  when  turned  into  square  links  by  the  table  it  is  251875 ; 
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divide  it  by  910,  half  the  leng^  of  r 
the  dotted  line  A  D,  the  quotient  iB 
276 ;    which   distance  lay  off  by 
the  scale  to  k]  then  draw  the  line  ' 
from  A  to  i,  which  is  one  enclo- 
sure of  22  acres  2  roods;    then 
draw  a  line   by  guess,  which   is 
dotted,  from  A  to  F,  and  calculate 
upon  the  plan  the  trapezium  A  k 
E  F,  which  is  found  too  large  by 
476320  square  links;  which  sum 
divide  by  1215,  half  the  length  of  the 
dotted  line  A  F,  the  quotient  is  555,  which  distance  lay  off  from  the 
scale  upon  the  line  E  F,  perpendicular  from  the  line  A  F,  which  will 
finish  the  division  Ak  E  i ;  then  draw  a  line  by  guess,  which  is  dotted, 
from  A  to  G,  and  calculate  the  trapezium  t  F  O  A  upon  the  plan, 
which  is  short  of  22  acres  2  roods  by  22180  square  links ;  which 
sum  divide  by  330,  half  the  length  of  the  line  A  G,  the  quotient  is 
267 ;  which  lay  off  with  the  scale  perpendicular  to  m ;  then  draw 
the  line  A  wi,  which  finishes  the  division.   However,  it  will  be  con- 
venient to  calculate  the  division  A  m  H  t  &.     If  it  answers  to  22 
acres  2  roods,  you  are  certain  of  its  accuracy;  if  it  does  not  agree, 
the  calculations  must  be  made  over  again. 

Suppose  the  piece  of  land  represented  by  A  B  C  D  E,  contain- 
ing 60  acres,  is  to  be  divided  betwixt  K  and  L,  the  division  to 
be  made  from  C,  K  having 
a  right  for  the  value  of  L.70 
aryear,  and  L  having  a  right 
to  L.90  a-year.  First  add 
L.70  and  L.90  together,  the 
sum  of  which  is  L.160 ;  turn 
the  acres  into  square  links  by 
the  table,  which  is  6000000; 

Sq.  Llnlo.  Sq.  Links,      a.    %.  p. 

Then  M7»if£160  giyeGOOOOOO,  what  wiU£70giTe1  u4ii«. 2625000^26  1  0,  K's  share. 
if£160giTe6000000,whatwm£90giTet 8375000»38  3  0,  L'e  share. 

Then  from  the  point  C  draw  the  dotted  line  by  guess  to  ^,  which 
calculate.  Now,  suppose  you  find  it  is  short  of  K's  share  by 
625000  square  links,  divide  this  by  1000,  half  the  length  of  C^, 
and  the  quotient  is  625,  which  distance  lay  off  upon  the  line  A  E 
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from  g^  which  will,  reach  to  F ;  then  draw  in  the  line  F  C,  which 
divides  the  field  according  to  the  required  valuation,  giving  quan- 
tity proportionable  to  quality. 

This  figure  represents  a  large  field  consisting  of  79  acres  1  rood, 
which  has  to  be  divided  into  3  divisions,  giving  quantity  for  quality; 
and  the  divisions  are  to  go 
from  A  and  B,  and  to  fall  upon 
the  line  E  D.  The  first  is  valued 
at  30s.  per  acre,  the  second  at 
40s.  per  acre,  and  the  third  at 
50s.  per  acre;  the  land  was  accu- 
rately measured,  and  a  plan  made  r 
out  upon  a  large  scale. 


The  different  shares  were  made  out  thus:  by  adding  SOs.,  40s., 
and  dOs.  into  one  sum,  they  amount  to  120;  and  79  acres  1  rood, 
when  turned  into  square  links  by  the  table,  is  7925000. 


Sq.  Links.  Sq.  Links. 

Then,  if  120s.  gives  SOs.  what  will  7925000  give?  Ana,  1981250  -. 
120s.  gives  40s.  what  will  7925000  give?  „  2641666: 
120b.  gives  50s.  what  will  7925000  give?      ..    3302083 


n 


99 


A.      H.      P. 

19  3  10,  First  Sliare. 
26  1  27,  Second  Sliare. 
:  33  0    3,  Third  Share. 


To  make  out  the  division  upon  the  plan,  draw  a  line  by  guess 
from  A  to  ^.  After  calculating,  it  is  found  too  much  by  215000 
square  links;  this  sum  divided  by  1300,  half  the  length  of  the  line 
A  ^,  the  quotient  is  165;  lay  off  that  distance  upon  the  line  E  D 
towards  E  from  ^,  and  it  will  extend  to  Ay  draw  in  the  division 
line  A  A,  which  finishes  the  first  lot.  A  line  is  drawn  from  B  to  t 
by  guess:  after  calculating  A  ^  t  B,  it  exceeded^the  proportionate 
share  by  457000  square  links;  which,  divided  by  1250,  half  the 
length  of  the  line  B  t ,  the  quotient  is  360,  which  distance  when 
laid  off  from  t  extends  \oh;  a  line  drawn  from  A;  to  B  finishes  the 
second  and  third  divisions.  If  it  is  thought  proper,  lot  third  may 
be  calculated  as  a  check;  if  it  amounts  to  33  acres  9  roods,  it  is 
right. 

This  figure  is  a  common  where  there  are  four  claimants.  A,  B, 
C,  and  D;  each  of  whom  have  a  right  to  feed  cattle  upon  it.  A 
had  a  right  to  feed  6,  B  4,  C  3,  and  D  but  1.  And  it  was  mutually 
agreed  amongst  them,  that  each  claimant  should  have  his  propor- 
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tion  of  the  common  according  to  the  number  of  cattle  he  kept. 
The  grazing  of  each  was  valned  worth  five  pounds  per  year.    The 


common  was  carefully  measured,  and  a  plan  of  the  same  made  out 
upon  a  large  scale,  the  contents  of  which  amounted  to  40  acres 
=  4000000  square  links.    Now, 


A  bau  6  at  £5  «m^  is  £30,  then 
B  has  4  ftt  do.    „   is  £20, 
GlutfSat  do.   „  is £15, 
D  hai  1  at  do.   „  ii  £5, 


n 


M 


1 70 
70: 
70 
70 


Sq.iaoki^ 

4000000: 
4000000: 
4000000: 
4000000; 


L.    Sq.  Links. 

30:1714285: 

20:1142857  = 

15:   857144: 

5:   285714= 


A.  R.  P. 

17  0  23,   A'sBhare. 
11  1  28^,  B*i  share. 

8  2  11),  Cfe  share. 

2  3  17,    D'b  share. 


Total  amount  per  year,  £70 


Axnoant,    40.00000=40  0    0 


By  adding  up  the  different  shares,  the  sum  is  40  acres;  which 
proves  the  calculation  is  right. 

To  lay  off  each  share  upon  the  plan,  and  also  upon  the  ground, 
first  draw  a  line  by  g^ess  upon  the  plan,  suppose  from  C  to  D, 
parallel  with  the  fence  A  B;  cast  up  the  contents,  which  is 
202400  square  links  too  little,  which  divide  by  2300,  the  length  of 
C  D,  the  quotient  is  88;  which  lay  off  with  the  scale  parallel  with 
the  dotted  line  CD,  and  it  will  extend  to  ee;  then  draw  in  the 
division  line  eej  B's  lot;  draw  the  Une^,  and  cast  up  the  contents 
betwixt  that  line  and  the  division  line  of  A's  share  ee^  which  is  too 
large  by  335000,  which  divide  by  2060,  the  length  of  ff^  the 
quotient  is  162,  which  lay  off  from  ff  \o  gg^  and  draw  in  B's 
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division,  which  finishes  B's  lot.  We  now  come  to  C^s  lot:  draw  a 
line  by  guess  k  kj  and  cast  up  the  contents,  which  is  too  little  by 
90000  square  links,  which  divide  by  the  length  oik  k  1630,  the 
quotient  is  55  links,  which  lay  off  from  kk  to  ii;  draw  in  the 
division  line  1 1,  which  finishes  C's  lot;  then  measure  D*s  lot.  If 
it  answer  to  2  acres  3  roods  17  perches,  it  is  right.  It  has  been 
observed  before,  in  staking  off  the  different  lots  upon  the  ground, 
that  the  surveyor  ought  to  be  attentive  in  having  all  the  distances, 
&c.  that  refer  to  his  plan;  and  by  measuring  distances  from  marks 
that  he  knows  both  upon  the  plan  and  in  the  field,  he  will  find  very 
little  trouble  in  laying  off  the  divisions  or  lots. 

This  figure  also  represents  a  common,  consisting  of  137  acres 
3  roods  30  perches,  which  was  measured,  as  also  the  different  lots 
of  valuation,  and  a  plaji 
made  out  lliereof,  and 
plotted  from  a  large 
scale.  The  commission- 
ers, not  aware  of  the 
great  trouble  which 
would  occur  to  the  sur- 
veyor, divided  the  com- 
mon into  three  different 
values,  and  chiefly  in 
curved  lines,  as  may  be 
seen  in  the  small  sketch, 
which,  although  contain- 
ing only  three  different 
qualities,  includes  no  less 
than  ten  different  lots  to 
calculate,  which  makes 
a  survey  of  this  descrip- 
tion very  difficult  to 
make  out  and  delineate. 
This  common  is  to  be 
divided  between  six  pro- 
prietors, whose  claims  are  as  follows: — 

JuoM  Anderson,  Eiq.,     for  his  estoto  Tilaed  at  L.500  yearly, 
WaUam  MarshaU,  Esq.,  for  do.  800    do. 

William  Fair,  Eeq.,         for  do.  600    do. 

Mr  Thomas  Jamieaon,      for  do.  200    do. 

Mr  John  Thompson,         for  do.  100    do. 

Mr  Thomaa  Jones,  for  do.  80    do. 


Total  Taloa  of  the  six  estates,      do. 


L.1780 


L.28  13 

Oi 

17    1 

n* 

84  11 

H 

11    6 

9 

5  14 

9 

4  11 

9 

Total, 

L.102    0 

0 
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The  method  used  to  asGertain  the  valuation  per  acre  is:  as  1780^ 
the  total  amount  of  the  value  of  all  the  estates,  is  to  102,  the  total 
amount  of  the  annual  value,  8<f  is  the  valuation  of  each  estate  to  its 
annual  worth. 

For  example,  to  find  out  James  Anderson,  Esq.'s  value,  as 
1780 :  102  : :  500:  £28,  13s.  0  d.,  and  so  on  with  all  the  others, 
the  sum  of  each,  when  added,  gives  the  total  amount. 


JuBM  Andenon,  Esq., 

Do. 
William  Mmnhal),    . 

Do.  .  .  . 
William  Fair,  Esq., 

Do.  .  .  . 
Mr  Thomas  Jamieson, 

Do.  .  .  . 
Mr  John  Thomson,  . 
Mr  Thomas  Jones,     . 


CONTENTS  OF  THB  COMMON. 

A.  R.  P.                   Sh.  £    9.    d.  £    t.  d. 

fi6  0    0  valued  at  20  per  a«r«  26    0    0  .  ^^  .,  .. 

3  2    6        „          15      „         2  13    OJ }  -*  *^  ''« 
18  134        „          15      „  13    6  11^ 

6  2    0        „          10      „         8    5    0  ;  1'     *  "» 
41  1    6        „          10      „  20  12  10J^ 
18  2  15        „          15      „  13  18  lOJJ  ^  "  ^* 

7  2  9  „  15  „  «  1»  »  I  1,  «  o 
5  2  28  „  20  „  5  13  6  j  **  **  ** 
5238        „         20„         5  14    9  5  14  9 

4  2  14        „         20      „         4  11    9  4  11  9 


Amount  of  acres,    137  3  SO  Amount  of  valuations,  102    0    0 

For  an  idea  of  the  various  calculations  requisite  to  make  out  the 
above  contents,  I  shall  refer  the  pupil  to  the  methods  of  calculating 
areas,  so  particularly  described  in 'that  section. 

We  shall  now  suppose  the  common-field  or  run-rigs  described 
before  (Plate  VI.,  fi^s.  3  and  5  ;  see  page  119,)  which  are 
situated  in  the  heart  of  the  lord  of  the  manor's  estate,  and  he  is 
anxious  to  give  quantity  for  quality.  Accordingly,  an  agreement 
was  concluded  betwixt  the  lord  of  the'manor  and  the  different  pro* 
prietors,  that  he  would  enclose  each  person's  property  at  his  own 
expense,  in  a  regular  form.  The  business  was  referred  to  arbitra- 
tors, and  a  value  put  upon  Robert  Brown's  lot,  which  is  266700 
square  links,  at  L.3 :  10s.  per  acre;  David  Bennie's,  372200  square 
links,  at  L.3 :  5b.  per  acre;  Thomas  Smellie's,  306200  square  Imks, 
at  L.3  per  acre;  Mrs  Gkorge,  347800  square  links,  at  L.3  per 
acre;  George  Peacock,  597200  square  links,  at  L.3 :  5s.  per  acre; 
Bobert  Thomas,  206800  square  links,  at  L.4  per  acre;  Joseph 
Dice,  186800  square  links,  at  L.4  per  acre;  and  John  Wilson's, 
400000  square  links,  at  L.3 :  5s.  per  acre;  and  the  ground  that  is 
to  be  given  in  exchange  is  valued  at  L.2  per  acre,  which  is  to  be 
laid  off  along  the  side  of  a  straight  road,  and  each  division  to  be 
eight  chains  wide. 
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Below  IB  the  length  of  the  respectiye  lot  that  each  proprietor  will 
receive  alongside  of  the  road : — 

8q.  BnkilB  Bq.Unktthat  DItIiM  Length  of 

th*  oonimoB  mm  ptopritAor  by.  wch  lot 

field.  wiU  Nceive. 

Bobeit  Brown's    lot, 266700  466775  800          684 

DaYid  Ronnie's      do 372000  604825  do.           758 

Thomas  Smellie's  do 306200  459300  do.           574 

Mrs  George's          do 347800  521200  do.           651 

Thomas  Peacock's  do 597200  1045100  do.  1254 

Robert  Thomas's   do 206800  413600  do.           517 

Joseph  Dice's        do 186800  373600  do.           467 

John  Wilson's       do 400000  700000  do.           875 


2683500        4584400 
or  or 

Total  of  the  runrigs,  26  3  14       45  1  30  Total  laud  got  in  exchange. 

The  quantity  of  ground  which  each  proprietor  is  to  receive  at  the 
side  of  the  road,  also  the  amount  of  ground  which  they  give  in  lieu 
of  it  to  the  lord  of  the  manor,  is  stated  below.  The  method  used 
for  finding  out  the  proportions  that  each  proprietor  receives  is 
simply  this :  If  one  acre  gives  £2,  what  will  any  number  of  acres 
and  decimals  of  an  acre  give  at  what  they  are  valued  at  per  acre  ? 
Turn  each  proprietor's  acres,  roods,  and  perches,  into  square  links 
by  the  Table  in  page  224. 


A.  m.  p. 

Bobert  Brown, 2  2  26 

David  Rennie,  ...^  2  85 
Thomas  Smellie,.^  0  9 
Mrs  Gteorge,^^«,.,«8  1  86 
Thomas  Peacock^S  8  86 
Robert  Thomas,,..  ..2  0  21 

Joseph  Dice, 1  8  18 

John  Wilson. 4  0    0 


THX  OALOUULTION 

Sq.  Unki.     £    i^ 

-  266700  X  8  0 
»  872000  X  8  5 
1  806200  X  8  0 
s  847800  X  8  0 

-  697200  X  8  10 
»  413600  X  4  0 
»  186800  X  4  0 

-  400000  X  8  10 


AS  UNDKB. 

A.  DMk 

»  9.88450 
a-  12.09650 
i-  9.18600 
1  10.42400 
^  20.19600 
—  8.27200 
«  7.37200 
-•  14.00000 


2 
2 
2 
2 
2 
2 
2 


A. 

4.66725 
6.04825 
4.59900 
5.21200 
10.45100 
4.18600 
8.73600 
7.00000 


A.  a.  p. 


4 
6 
5 
5 
10 
4 
8 
7 


2  25 
0  7 
2  14 
0  84 


1 
0 
2 
0 


82 

21 

87 

0 


What  has  now  been  related  of  dividing  land,  includes  the  prin- 
dples  on  which  all  other  divisions  are  made ;  and  with  a  little 
practice,  a  land-surveyor  will  overcome  all  the  obstacles  the  com- 
missioners often  ^ve  them,  by  dividing  the  different  qualities  in 
curved  and  irregular  lots,  in  place  of  making  every  division  run 
as  straight  as  the  nature  of  the  ground  will  admit  of. 
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SECTION    FOURTH. 


ON  LEYELUNG. 


Levelling  is  the  art  of  finding  a  line  parallel  to  the  horizon  at 
one  or  more  atatLons,  in  order  to  determine  how  much  one  place  is 
higher  or  lower  than  another,  for  regulating  descents,  cutting 
canals,  forming  railways,  conveying  water,  &c.  Five  or  more  places 
are  said  to  be  on  a  level  when  equally  distant  from  the  earth's  centre, 
or  a  line  equally  distant  from  that  centre  in  all  its  points  is  a  line  of 
true  leveL  The  apparent  line  of  level  is  the  line  of  sight  given  by 
the  repeated  operations  of  levels,  and  rises  always  higher  above  the 
true  iLaie  of  level  the  greater  the  distance.  However,  by  the  help 
of  tables  constructed  for  the  purpose,  we  can  find  the  difference 
between  the  apparent  and  true  line  of  level ;  it  is  by  this  assistance 
also  we  can  level  to  ahnost  any  distance  by  a  single  operation.  I 
shall  not  attempt  to  go  over  the  properties  of  the  circle  upon  which 
those  tables  are  constructed,  but  shall  merely  give  the  following 
position — viz.  That  the  difference  between  the  true  and  apparent 
level  is  equal  to  the  square  of  the  distance  between  the  two  places 
or  stations  divided  by  the  earth's  diameter,  and  consequently  is 
always  proportional  to  the  square  of  the  distance ;  and  by  propor- 
tioning the  excesses  of  height  as  the  squares  of  the  distances,  we 
obtain  the  useful  table  inserted  in  page  205. 

The  common  methods  of  levelling  are  sufiidently  correct  for 
mason's  and  pavier's  work,  &c. ;  but  in  extensive  operations,  such  as 
canal  levelling,  for  the  purpose  of  conveying  water  for  a  number 
of  miles,  too  much  attention  with  regard  to  accuracy  cannot  be 
paid  to  such  operations ;  and  in  such  cases  it  is  necessary  to  take 
the  difference  between  the  true  and  apparent  level  into  the  account* 

The  most  complete  level  is  the  Spirii  Levelj  invented  by  the 
celebrated  artist  Bamsden,  and  latterly  much  improved  by  Trough- 
ton,  Simms,  Adie,  &c.  I  shall  not  take  up  the  surveyor's  time 
with  a  long  and  tedious  description  of  this  instrument,  being  well 
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aware  that  a  few  mmntee'  inepection  of  iIib  inatnuneiit  itself  will 
give  a  better  idea  of  its  constructioD  and  use  than  the  most  length- 
ened detail      Its  princi-  _  h 
pal  parts  is  a  telescope 
T,  in  the  tube  of  which 

cross  wires  are  6xed  and  " 

adjusted  by  means  of  four 
small  screws.  The  hori- 
zontal wire  cuts  the  object 
at  the  tim^  of  an  ol»er- 
vation ;  nnder  the  tele- 
scope is  fixed  a  brass 
tube  S,  endoung  one  of 
glass  contuning  spirits  of 
wine ;  this  tube  is  herme- 
tically  sealed,  and  the 
spirits  occupy  tlie  whole 
of  its  internal  cavity  all  to 

a  bubble  of  air,  which  settles  exactly  in  the  middle  of  the  glass 
when  the  instrument  is  leveL  The  telescope  and  level  are  supported 
by  two  forked  uprights  called  Ys,  owing  to  their  resemblance  to 
that  letter,  near  K;  under  theYs  are  milled  headed  screws  A,  working 
agunst  collars,  for  the  purpose  of  ru^g  or  depressing  the  telescope 
and  level.  The  level  is  fastenedto  the  telescope  by  means  of  ct^ntan 
screws,  which  adjust  it  exactly  parallel  with  the  axis  of  the  teles- 
cope J  two  bars  at  right  angles  to  the  Ys  support  a  compass  C,  for  the 
purpose  of  taking  magnetic  bearings.  The  instrument  turns  round 
on  a  socket  fastened  to  the  legs.  There  are  two  parallel  plates, 
fastened  together  by  means  of  a  ball  and  socket ;  these  plates  con- 
tain four  screws,  L,  which  screw  the  upper  plate  thereof,  and  act 
against  the  under,  for  the  purpose  of  levelling  the  whole  instrument ; 
which  is  done  by  raising  and  lowering  the  screws  till  you  find  the 
bubble  in  the  glass  tube  exactly  in  the  middle ;  which  done,  turn 
the  instrument  at  rig^t  angles  to  its  former  sitnatioD.  If  it  is  not 
level,  the  screws  must  be  reused  or  depressed  till  it  is  so,  until  it 
appears  to  be  level  in  any  sitoation  the  instrument  is  placed  in. 
There  is  a  clamp  screw  for  the  purpose  of  keeping  the  instrument 
tight  in  the  centre,  when  required,  and  a  tangent  screw  B  for  moving 
the  instrument  eamly  round  with  a  slow  motion.  The  whole  is 
fixed  to  three  legs,  either  round  or  triangular ;  if  the  latter,  the 
three  legs  form  Into  one  round  pole,  and  are  kept  together  by 
means  of  rings.    The  whole  is  generally  packed  in  a  box,  for  the 
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purpose  of  being  conveyed  safely  from  place  to  place  when  not  at 
work  in  the  field. 

I  shall  now  describe  the  best  and  easiest  method  of  adjusting  the 
spirit  level. 

Go  to  some  field  or  meadow  that  is  nearly  level ;  there  set  up 
the  instrument,  and  measure  out  eight  or  ten  chains,  leaving  a 
mark,  by  driving  into  the  earth  a  small  wedge  or  stake ;  return  to 
the  instrument,  and  measure  out  the  same  distance  the  opposite 
way  from  the  centre  of  the  instrument,  and  drive  in  a  stake  to  set 
the  level  staff  on  ;  there  leave  one  of  your  assistants  with  the  staff, 
which  should  have  a  vane  upon  it  to  slide  up  and  down;  send 
another  assistant  to  the  other  stake  with  his  staff  and  vane,  and  let 
him  place  it  upon  the  wedge  or  stake;  then  set  the  instrument 
level  by  the  four  screws  L  on  the  parallel  plates,  and  look  through 
the  telescope,  and  make  signs  for  the  assistant  you  first  take  an 
observation  to,  to  move  his  vane  up  or  down  the  staff  till  you  see 
the  horizontal  wire  and  the  black  line  drawn  across  the  vane  to 
coincide  exactly ;  then  make  a  sign  for  him  to  mark  upon  his  staff 
with  a  piece  of  chalk  where  the  under  part  of  the  vane  is  upon  the 
staff;  then  turn  the  telescope  round,  and  observe  if  the  telescope 
is  level ;  if  not,  set  it  level  as  before  to  the  other  assistant,  and 
sign  to  him  to  put  up  the  staff  upon  the  stake ;  then  cause  him  to 
move  the  vane  up  or  down  till  you  perceive  the  horizontal  wire  and 
the  mark  on  the  vane  to  coincide,  and  cause  him  to  mark  the  under 
part  of  the  vane  with  chalk  upon  the  staff;  for  although  the  instru- 
ment should  not  be  adjusted,  the  vanes  upon  the  staffs  are  exactly 
level.  You  then  remove  the  instrument  to  the  assistant,  and  place 
it  up  within  mx  or  eight  yards  of  him,  and  set  it  level  as  before, 
and  order  him  to  put  up  the  staff,  and  cause  him  to  move  the  vane 
up  or  down  till  you  see  the  horizontal  hair  in  the  telescope  and  the 
mark  on  the  vane  to  coincide.  Whatever  space  there  is  between 
the  first  and  second  marks  on  the  staff,  the  one  assistant  must  go 
to  the  other,  and  cause  him  to  put  his  vane  either  up  or  down 
upon  his  staff,  the  same  difference  there  is  upon  his,  with  the  addi- 
tion of  the  allowance  for  the  earth's  curvature ;  then  sign  to 
your  assistant  to  put  up  his  staff  upon  the  stake,  and  observe  that 
the  instrument  continues  level ;  then  take  an  observation  to  him, 
and  if  the  horizontal  hidr  in  the  telescope  and  tiie  mark  on  the 
vane  agrees,  the  level  is  right ;  but  if  it  should  be  otherwise,  you 
must  move  the  joint  and  capstan-headed  screw  that  holds  the  level 
to  the  telescope,  either  up  or  down,  till  you  see  through  the  tele- 
scope the  horizontal  hair  or  wire  to  coincide  exactiy;  and  the 
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mstrnment  will  be  adjusted.  The  station  or  level  staffs  above- 
mentioned  should  be  10  or  12  feet  in  length  and  about  an  inch  and 
a  quarter  square.  It  will  be  convenient  to  have  two  shorter  ones, 
about  five  feet  long,  to  be  used  occasionally.  The  vanes  which 
slide  up  and  down  upon  the  staffs  are  sometimes  of  thin  iron,  brass, 
or  copper^  about  four  inches  in  diameter.  The  segment  of  the 
drcle  is  taken  from  the  under  side,  and  the  vane  painted  white 
with  oil-colour  (see  Plate  XIII.  fig.  8;)  a  black  line  is  drawn, 
about  the  eighth  of  an  inch  broad,  through  the  centre  of  the  vane, 
which  has  a  spring  on  the  back  part  of  it,  to  clamp  it  gently  to  the 
staff,  but  so  contrived,  that,  with  gentle  pressure,  it  can  be  made 
to  slide  along  the  staff.  The  staffs  should  be  exactly  divided  into 
feet  and  inches,  and  the  inches  divided  into  eighths.  The  feet 
should  be  marked  with  large  figures,  and  numbered  upwards ;  the 
same  ought  to  be  done  with  the  five  feet  staff,  which  is  only  used 
when  the  descent  exceeds  the  length  of  your  long  staff:  in  this 
case  the  weight  or  vane  is  put  to  the  top  of  the  staff,  and  the  five 
feet  staff  upon  the  stake,  which  should  be  held  as  perpendicular  as 
possible,  sliding  the  long  staff  up  close  by  the  short  one,  and  adding 
whatever  height  the  bottom  of  the  long  staff  cuts  upon  the  short 
one,  suppose  2  feet  10  inches ;  which  shows  that  the  fall  is  12  feet 
10  inches,  if  the  long  staff  is  10  feet  long.  This  your  foremost 
assistant  marks;  but  there  is  to  be  deducted  the  height  of  the 
instrument,  which  suppose  is  4  feet;  which  deducted  from  12  feet 
10  inches,  there  remain  8  feet  10  inches  of  declivity. 

This  figure  represents  a  pocket  level,  which  is  very  useful  for 
small  operations,  such  as  cutting  drains,*  or  taking  levels  for  ascer- 
taining the  cutting ;  also  for  determining  the 
cubical  yards  required  to  be  taken  out  for  the 
foTmdation  of  houses,  &c.  &c.  It  is  com- 
monly made  about  eight  inches  in  length,  of  mahogany,  with  a 
groove  taken  out  from  the  upper  side  to  admit  a  glass  tube  to  go 
in,  which  is  filled  with  spirits  of  wine  all  to  a  bubble  of  air,  which 
shows  when  it  is  level,  which  is  done  by  means  of  a  screw.  This 
instrument  is  so  simple  in  itself  as  to  require  no  explanation. 

The  following  Table  will  be  found  useful  in  taking  an  observa- 
tion when  the  instrument  cannot  be  placed  at  equal  distances.  In 
that  case,  an  allowance  must  be  made  for  the  curvature  of  the 
earth. 


See  Stephens'  Book  on  Practical  Draining,  published  by  Messrs  Blackwood. 

Q 
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Suppose  you  have  a  station  that  is  80  chains  or  one  mile  in 
length ;  look  into  the  table  for  80  chains,  and  opposite  it,  in  the 
right-hand  column,  is  8  inches ;  which  shows  that  the  line  of  sight 
is  8  inches  higher  than  the  true  level.  Again,  suppose  you  have 
another  station  that  is  30  chains  in  length;  opposite  30  ch^a 
is  1  inch  12  decimals;  which  shows  that  the  difference  betwixt 
the  apparent  and  true  level  is  1  inch  and  12  decimals. 


TABLE  L 

OP  THE  COBTATURB  OF  TRB  EARTH,  CALCULATED  TO  THE  AFPABEWT  LEVEL  IN  INCHES 
AND  DECIMALS  OF  AN  INCH,  FROM  THREE  CHAINS  TO  EIGHT  MILES. 


ChainB. 

In.  Doe. 

Chains. 

In.  Dec. 

Chains. 

In.  Deo. 

M.  Ch. 

Ft.  In.  Dec. 

8 

0.01 

16 

0.32 

29 

1.05 

0  50 

0 

3.12 

4 

0.02 

17 

0.86 

30 

1.12 

0  55 

0 

8.78 

5 

0.03 

18 

0.37 

31 

1.19 

0  60 

0 

4.50 

6 

0.04 

19 

0.45 

.32 

1.27 

0  65 

0 

5.31 

7 

0.06 

20 

0.50 

33 

1.35 

0  70 

0 

6.12 

8 

0.08 

21 

0.55 

34 

1.44 

0  75 

0 

7.03 

9 

0.10 

22 

0.60 

35 

1.53 

0  80 

0 

8.00 

10 

0.12 

23 

0.67 

86 

1.62 

2    0 

2 

7.8 

11 

0,16 

24 

0.72 

87 

1.71 

3    0 

5 

11.6 

12 

0.18 

25 

0.78 

88 

1.80 

4    0 

10 

7.3 

13 

0.21 

26 

0.84 

89 

1.91 

5    0 

16 

6.9 

U 

0.24 

27 

0.91 

40 

2.09 

6    0 

28 

10.6 

15 

0.28 

28 

0.98 

45 

2.28 

7    0 

82 

5.6 

8    0 

42 

6.16 

TABLE  II. 

OF  THE  CURVATURE  OF  THE  EARTH,  CORRECTED  FOR  REFRACTION,  TAKEN 

AT  0.08  OF  THE  INTERCEPTED  ARC. 


Cluiint. 

Correction 
in  Feet. 

Chainfl. 

Correction 
in  Feet. 

ClutinB. 

Correction 
in  Feet 

Chains. 

Correction 
in  Feet. 

1 

0.0001 

11 

0.0106 

21 

0.0386 

31 

0.0840 

2 

0.0003 

12 

0.0126 

22 

0.0428 

32 

0.0895 

8 

0.0008 

13 

00148 

23 

0.0463 

38 

0.0952 

4 

0.0014 

14 

0.0171 

24 

0.0504 

84 

0.1011 

5 

0.0022 

15 

0.0197 

25 

0.0547 

85 

0.1071 

6 

0.0031 

16 

0.0224 

26 

0.0591 

86 

0.1183 

7 

0.0048 

17 

0.0258 

27 

00687 

87 

0.1197 

8 

0.0056 

18 

0.0288 

28 

0.0686 

38 

0.1263 

9 

0.0071 

19 

0.0316 

29 

0.0735 

39 

0.1380 

10 

0.0087 

20 

0.0350 

30 

0.0787 

40 

0.1399 
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LeveUing,  of  all  parts  of  a  land-measurer's  work,  is  the  easiest 
attained ;  yet  it  requires  the  greatest  nicety,  not  only  in  his  own 
observations,  but  that  of  his  assistants.  The  most  certain  method 
to  attain  the  greatest  degree  of  accuracy,  is  to  carry  out  a  quantity 
of  small  stakes  or  wedges,  to  be  stuck  in  the  ground,  about  seven 
or  eight  inches  long,  and  about  two  inches  broad  at  the  top,  and 
and  tapered  off  at  the  bottom,  that  they  may  the  more  easily  enter 
the  ground.  Upon  these  are  placed  the  station  staffs.  The  assist- 
ants should  be  very  attentive  to  hold  the  staffs  as  nearly  perpendi- 
cular as  they  can. 

A  surveyor  is  frequently  employed  to  convey  water  from  a  spring 
to  any  particular  place,  either  in  open  cuts  or  in  pipes.  To  explain 
this,  we  shall  suppose  the  water  from  a  spring  is  wished  to  be  con- 
veyed to  a  house  at  about  a  mile  distance,  and  a  trial  is  to  be  made 
if  it  is  possible  to  do  so.  First  provide  paper,  pen,  and  ink,  to  each 
of  your  assistants,  and  order  the  hindmost  assistant  to  set  up  bis 
staff  at  the  spring ;  then  go  in  the  direction  towards  the  house,  and 
plant  up  the  instrument,  and  set  it  level  by  the  screws  in  the  brass 
plates  till  the  bubble  In  the  glass  settle  exactiy  in  the  middle  ; 
order  the  staffman  left  at  the  spring  to  move  the  vane  up  or  down 
upon  the  staff,  till  you  see  it  and  the  horizontal  hair  in  the  tele- 
scope, and  the  mark  on  tiie  vane,  to  coincide  ;  sign  to  him  to  mark 
the  feet  and  inches  cut  by  the  bottom  part  of  the  vane  upon  the 
staff,  and  to  insert  them  in  his  field-book ;  then  turn  the  telescope 
round  to  the  other  assistant,  whose  pole  or  staff  he  holds  up  as  per- 
pendicular as  possible,  make  signs  to  him  to  slide  the  vane  up  or 
down  upon  the  staff,  till  you  see  the  hair  in  the  telescope  and  the 
mark  on  the  vane  to  coincide ;  and  cause  him  to  mark  the  feet  and 
inches  cut  upon  the  staff  at  the  under  side  of  the  vane,  which  he 
also  enters  in  his  field-book ;  you  then  order  the  hindmost  assistant 
to  go  and  place  his  staff  exactly  where  that  of  the  foremost  assistant 
stood  ;  you  desire  the  foremost  assistant  to  go  forward  and  erect  his 
staff;  then  plant  tiie  instrument  as  near  half-way  as  you  can  guess 
between  them,  and  set  it  level  as  before  ;  then,  by  signs,  cause  the 
hindmost  assistant  to  raise  or  depress  the  vane  till  you  see  it  and 
the  hair  coincide ;  he  then  marks  in  his  field-book,  as  before,  the 
feet  and  inches  cut  on  the  staff:  then  turn  the  telescope  about  to 
the  foremost  assistant,  and  sign  also  to  him  to  raise  or  depress  the 
vane  till  you  perceive  through  the  telescope  the  hair  and  the 
mark  drawn  across  the  vane  to  coincide ;  then  sign  to  him  to 
mark  the  feet  and  inches  in  his  field-book  cut  by  the  lower 
edge  of  the  vane  upon  the  staff.    Go  on  exactly  in  the  same 
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manner  all  the  way  to  the  house.     Thia  done,  the  running  level  is 
finished. 

In  comparing  each  assistant's  notes,  they  turn  out  as  follows : — 


1 

Differenoo  of 

Hindmost  Anistont 

Foremost  Asaistant. 

each  Station. 

Ft   In.  Stha. 

Ft   In.  Sttis. 

Ft    In.  Stht. 

1.  Station 

8     4     1 

1.  Station 

4  10 

6 

16     4 

2.     do. 

2     6     0 

2.     do. 

4    4 

2 

1   10     2 

3.     do. 

4    7    3 

3.     do. 

6    7 

6 

10     3 

4.     do. 

4     11 

4.     do. 

6  10 

4 

2    9    3 

5.     do. 

3  10    0 

5.     do. 

6    1 

1 

2    8    1 

6.     do. 

4    6    0 

6.     do. 

4    7 

7 

0    17 

7.     do. 

3  11     7 

7.     do. 

4  11 

1 

0  11    2 

8.     do. 

4  10    6 

8.     do. 

5    8 

6 

0  10    0 

31     9    2 

43    2 

0 

11    4    6 

This  shows  the  difference  from  the  spring-head  to  the  house,  by 
the  stations,  to  be  only  11  feet  4  inches  6  eighths ;  that  is  to  say, 
the  fall  is  11  feet  4  inches  6  eighths,  from  the  spring  to  the  house, 
which  is  sufficient  declivity  for  the  water  to  run  to  the  house,  being 
only  about  a  mile  distant  from  the  spring-head;  and  it  is  well 
known  that  water  will  run  along  a  pipe  at  little  less  fall  than  five 
inches  in  a  mile.  In  that  case  the  water  may  run  with  too  great 
a  current,  which  requires  that  some  of  the  pipes  should  be  laid 
nearly  level,  which  in  some  measure  would  impede  the  progress ; 
or  in  some  places  the  pipes  may  be  laid  in  a  curved  direction, 
which  will  have  a  similar  effect.  There  is  sometimes  a  necessity 
for  laying  the  pipes  a  little  uphill  before  they  reach  to  the  ap- 
pointed place,  to  avoid  the  water  running  with  too  great  a  velocity. 

In  levelling,  it  will  be  proper  to  observe  that,  if  the  ground  will 
admit  of  it,  if  the  instrument  is  planted  at  equal  distances  between 
the  back  and  fore  assistant,  although  the  level  should  be  out  of  its 
adjustment,  the  observations  will  be  right,  and  there  will  be  no 
occasion  for  making  any  allowance  for  the  curvature  of  the  earth ; 
but  if  you  have  to  take  levels  where  the  ground  is  veiy  uneven, 
and  you  have  an  opportunity  of  observing  a  rising  ground  a  little 
more  depressed  than  where  you  stand,  and  a  valley  betwixt  you 
and  that  ground,  which  would  take  a  long  time  in  levelling  over, 
the  instrument  ought  to  be  very  correctly  adjusted,  and  an  allow- 
ance made  for  the  curvature  of  the  earth.  Suppose  the  ground 
which  is  across  the  valley  to  be  half  a  mile,  then  (by  the  table. 
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p.  242)  2  inches  must  be  allowed  for  the  curvature,  and  for  which  2 
inches  the  vane  must  be  faised  upon  the  staff  above  its  former 
situation. 

Plate  XIIL    (Fig.  1.) 

Levelling  for  a  railway,  which  requires  to  be  made  as  level  as 
the  ground  will  admit,  the  first  thing  that  ought  to  be  done  is  to 
take  a  running  level  in  the  same  way  as  described  in  page  242,  in 
levelling  from  a  spring^head  to  a  house,  to  ascertain  the  practica- 
bility of  conveying  water  to  it. 

After  having  ascertained  the  number  of  feet  in  the  fall,  measure 
the  distance  in  feet  from  the  place  you  began  to  level  at  to  the 
place  you  left  off  at,  which  suppose  7600  feet,  and  the  fall  10  feet ; 
then  divide  7600  by  10,  and  the  quotient  is  760 ;  which  shows 
that  the  level  can  be  brought  by  cutting  and  filling  up  to  one  in 
760,  which  will  make  a  remarkably  easy  railway.  Set  up  the  in- 
strument level  at  any  convenient  distance,  suppose  800  feet  from 
where  the  railway  b  to  begin ;  sign  to  the  stafiman  to  move  the 
vane  up  or  down  till  you  see  the  mark  on  the  vane  and  the  hori- 
zontal hair  in  the  telescope  to  coincide ;  he  then  marks  with  chalk 
the  bottom  part  of  the  vane  on  the  staff;  the  chainmen  measure 
the  distance,  800  feet;  which  distance,  being  doubled,  is  1600; 
then  say,  if  7600  gives  10  feet,  what  wiU  1600  give  ?  which,  when 
calculated,  is  2  feet  1  inch  2  eighths,  which  the  vane  roust  be 
raised  upon  the  staff  above  the  mark.  The  chainmen  then  mea- 
sure 800  feet  farther,  and  the  stafiman  drives  in  a  stake,  and  erects 
the  staff  upon  it ;  if  it  is  too  high,  he  must  drive  it  a  little  lower 
with  a  hand-mallet,  which  he  ought  to  have  for  that  purpose.  The 
observer  looks  again  through  the  telescope  till  he  sees  the  horizontal 
hair  and  the  mark  on  the  vane  to  coincide.  The  instrument  is  then 
moved  and  placed  at  any  convenient  distance  in  the  line  of  direc- 
tion forward,  and  placed  exactly  level  as  before ;  the  staffinan  puts 
up  his  staff  upon  the  stake,  and  is  caused  to  move  the  vane  higher 
or  lower  till  the  observer  sees  the  mark  upon  the  vane  and  the  hair 
in  the  telescope  to  coincide ;  he  is  then  to  mark  with  chalk  as  be- 
fore. The  chainmen  then  measure  from  the  stake  to  the  instru- 
ment, which  is  790  feet,  which  distance  doubled  is  1580 ;  then 
7600 :  10 : :  1580 :  2  feet,  1  inch  ;  this  shows  that  the  vane  must  be 
raised  upon  the  staff  that  height :  the  chainmen  then  measure  790 
forward,  and  the  stafiman  drives  in  a  stake  and  places  his  staff  upon 
it ;  if  the  stake  is  too  high,  it  must  be  driven  lower,  and  raised  if 
too  low.     After  repeated  triab,  the  observer  at  last  perceives  the 
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cross  hairs  in  the  telescope  and  the  mark  made  by  the  vane  to 
coincide ;  which  finishes  the  2d  level.  The  instrument  is  then  set 
up,  and  being  levelled,  the  staffman  moves  the  vane  up  or  down, 
according  to  the  signs  given  him,  till  the  hair  in  the  telescope  and 
the  mark  in  the  vane  coincide.  The  chainmen  then  measure  the 
distance  to  the  instrument,  which  is  720 ;  which  doubled,  is  1440 ; 
which  multiplied  by  10  and  divided  by  7600,  shows  that  the  vane 
must  be  raised  1  foot  10  inches  6  eighths  higher  than  the  last 
mark.  The  chammen  then  measure  forward  720,  and  the  8taffia:ian 
drives  in  a  stake  and  sets  his  staff  upon  it,  which  fiiushes  the  3d 
level.  Go  on  in  the  same  manner,  whatever  may  be  the  number 
of  levels  to  take.  It  is  no  matter  at  what  distance  the  instrument 
is  placed  from  the  stafiman,  if  you  measure  the  same  distance  for- 
ward that  you  measured  to  the  instrument.  Suppose  the  instru- 
ment was  placed  200  feet  from  the  staff,  then  measure  200  feet 
forward  in  the  line  of  direction  of  the  railway ;  when  the  two  dis- 
tances are  added,  the  distance  from  one  stake  to  another  is  but  400 
feet ;  that  number  multiplied  by  10  feet,  which  is  the  whole  of  the 
fall  of  the  railway,  is  4000,  which  is  less  than  the  whole  distance, 
7600,  and  shows  that  the  4000  must  be  reduced  to  inches  by  mul- 
tiplying it  by  12,  which  amounts  to  48,000  ;  this,  when  diyided  by 
the  length  of  the  railway,  gives  6  inches,  2400  parts,  x  8  to  bring 
it  to  the  eighth  of  an  inch  is  19,200  -r-  7600  is  2  eighths  and  some 
odd  fractions  of  the  eighth  of  an  inch ;  which  shows  that  the  vane 
is  to  be  raised  upon  the  staff  6  inches  2  eighths  above  the  mark 
on  the  staff.  Here  it  will  be  proper  to  observe,  whatever  height 
the  vane  is  raised  upon  the  staff,  the  ground  is  so  much  lower  from 
one  stake  to  the  other.  The  levelling  for  turnpike  roads  is  done 
exactly  in  the  same  manner,  when  the  road  is  required  to  be 
brought  to  an  equal  ascent. 

Plate  XIII.     (Fig.  2.) 

Is  a  continuation  of  the  same  railway  as  Fig.  1,  but  upon  more 
uneven  ground,  where  there  is  some  cutting  and  banking  required 
to  bring  it  to  an  equal  descent.  First  take  a  running  level  as  cor- 
rectly as  possible,  and  find  out  what  fall  there  is  from  C  to  D, 
which  is  10  feet,  and  the  distance  7510  feet,  which  is  equal  to  1  in 
751 ;  that  is  to  say,  for  every  751  feet  the  railway  falls  1  foot  In 
this  method  care  must  always  be  taken  to  measure  the  height  of 
the  instrument  from  the  ground,  and  mark  it  in  a  field-book.  This 
will  point  out  the  lowest  ground  in  making  out  the  section,  and  the 
staff  will  point  out  the  highest  ground,  by  taking  the  difference 
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from  one  station  to  another,  which  should  also  be  marked  in  the 
field-book.  After  having  taken  all  the  different  levels  and  all  the 
distances  from  one  station  to  another,  you  have  a  section  of  the 
ground  to  make  out,  showing  all  the  heights,  hollows,  &c.,  which 
ought  to  be  done  very  correctly.  To  do  this,  first  draw  a  line 
C  &  to  represent  a  level ;  the  height  of  the  vane  is  1  foot  6  inches 
above  the  ground  at  No.  1 ;  the  distance  from  thence  to  the  instru- 
ment is  830  feet,  and  the  height  of  the  telescope  above  the  ground 
is  5  feet ;  which  shows  that  the  fall  from  No.  1  to  the  instrument  is 
3  feet,  6  inches ;  which  protract  and  lay  off  from  a  scale.  The 
distance  from  the  instrument  to  No.  2  is  580  feet,  and  the  rise  is 
3  feet ;  protract  this  also  from  the  same  scale,  and  it  will  give  the 
representation  of  a  hollow  between  1  and  2.  The  distance  from 
No.  2  to  where  the  instrument  is  placed  is  260,  the  fall  4 ;  the  dis^ 
tance  from  the  instrument  to  No.  3  is  370,  and  the  rise  is  3 ;  the 
distance  from  No.  3  to  the  instrument  is  380,  and  the  fall  5 ;  the 
distance  from  the  instrument  to  No.  4  is  220,  and  the  rise  3 ;  pro- 
tract this  also,* which  will  give  the  hollow  between  Nos.  3  and  4. 
The  distance  from  No.  4  to  the  instrument  is  320,  and  the  fall  5 ; 
the  distance  from  the  instrument  to  No.  5  is  500,  and  the  rise  3 
feet  9  inches,  which  gives  the  representation  of  the  hollow  from  4 
to  5 ;  the  distance  from  No.  5  to  the  instrument  is  500,  and  the  fall 
is  4  feet  6  inches ;  and  the  distance  from  the  instrument  to  No.  6  is 
530,  and  the  rise  is  3  feet  3  inches ;  protract  this,  which  repre- 
sents the  hollow  between  5  and  6.  The  distance  from  No.  6  to  the 
instrument  is  500,  and  the  fall  is  4 ;  the  distance  from  the  instru- 
ment to  No.  7  is  538  feet,  and  the  rise  is  3,  which  represents  the 
hollow  between  6  and  7.  The  distance  from  No.  7  to  the  instru- 
ment is  450,  and  the  fall  5 ;  the  distance  from  thence  to  No.  8  is 
400 ;  and  the  rise  is  4  feet  6  inches ;  protract  this,  which  will  re- 
present the  hollow  between  7  and  8.  Again,  the  distance  from  the 
instrument  to  No.  9  is  610  feet,  and  the  rise  2  feet  to  D ;  protract 
this,  and  you  have  a  representation  of  the  whole  section  from  C  to 
D.  Draw  a  line  from  the  lowest  ground  at  D  to  the  highest  ground 
at  C,  which  shows  what  cutting  and  banking  Mrill  be  required  to 
make  the  railway  from  C  to  D  of  an  equal  descent. 

N.B. — One  station  staff  and  one  staffinan  answers  the  same  pur- 
pose as  making  use  of  two,  and  it  is  equally  the  same  in  taking  the 
levels  for  a  canal.  In  levelling,  the  staff  is  now  generally  divided 
into  feet  and  tenths,  so  distinctly  as  to  be  easily  read  through  the 
telescope,  and  smaller  parts  may  be  estimated  and  recorded  by  the 
surveyor  independent  of  his  assistants. 
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Plate  XIIL,  Fig.  3, 

Shows  the  method  of  levelling  for  a  canal.     Adjust  the  level  as 
has  already  been  described,  and  place  the  instrument  as  near  the 
summit  as  jou  can  guess ;  send  the  staffinan  the  contrary  way  from 
where  you  begin,  and  let  him  drive  in  one  of  his  wedges  or  stakes 
and  set  his  staff  upon  it ;  sign  to  him  to  move  the  vane  higher  or 
lower,  till  you  perceive  the  horizontal  hair  in  the  telescope  and  the 
mark  across  the  vane  to  coincide ;  the  staffinan  then  marks  the 
staff  at  the  bottom  part  of  the  vane,  and  the  chainmen  measure 
the  distance  from  the  stake  to  the  instrument,  which  is  720  feet ; 
when  the  staffinan  comes  up,  look  how  much  higher  the  vane  upon 
the  staff  is  above  the  height  of  the  instrument,  which  suppose  4 
feet;  this  shows  that  there  is  a  cut  of  4  feet  on  the  summit.     The 
chainmen  then  measure  about  the  same  distance  forward,  and  the 
staffinan  puts  up  his  staff ;  if  he  is  too  low,  the  observer  signs  to 
him  to  move  upon  higher  groimd  till  he  sees  him  nearly  upon  the 
same  level  with  the  first  stake.     The  observer  then  makes  motions 
for  him  to  drive  in  one  of  his  stakes  into  the  ground,  and  to  set  his 
staff  upon  it.     If  it  is  too  high,  the  observer  signs  to  him  to  drive 
the  stake  farther  into  the  ground,  and  to  put  his  staff  upon  it,  till 
such  time  as  the  horizontal  haii*  and  the  mark  on  the  vane  coincides. 
The  staffinan  ought  to  be  very  attentive,  at  every  time  he  places 
the  staff  upon  the  stake,  that  the  vane  is  exactly  at  the  mark,  as 
the  vano  is  apt  sometimes  to  shift  a  little  in  caiTying  from  one 
station  to  another.     The  instrument  is  now  removed  past  the  staff- 
man,  (the  first  level  being  finished),  and  placed  at  any  convenient 
distance  ;  and  being  levelled,  the  staffinan  rubs  out  all  the  marks, 
and  puts  the  staff  upon  the  stake :  he  then  moves  the  vane  up  or 
down  till  such  time  as  the  hair  in  the  telescope  and  the  mark  on 
the  vane  coincide,  and  marks  the  staff  as  before  with  chalk.     The 
chainmen  then  measure  the  distance,  which  is  720  feet,  and  also 
the  same  distance  forward  from  the  instrument ;  the  staffinan  puts 
up  his  staff  to  try  if  it  is  near  the  level ;  he  is  then  ordered  to  drive 
in  a  stake,  which  he  sets  the  staff  upon ;  and  after  repeated  trials, 
moves  the  stake  up  and  down  till  such  time  as  the  observer  sees 
the  hair  and  the  mark  on  the  vane  to  coincide ;  which  finishes  the 
second  level.     All  others  are  done  in  the  same  way,  by  placing  the 
instrument  at  any  convenient  distance  from  the  man  left  at  the 
staff.     Sometimes  you  may  find  it  convenient  to  place  it  at  5,  6, 
7,  or  800  feet ;  but  observe  particularly,  at  whatever  distance  the 
instrument  is  placed  from  one  stake,  the  next  stake  should   be 
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placed  nearly  at  the  same  distance  from  the  instrument.  You  may 
go  on  in  this  way  for  many  miles  upon  a  dead  level,  till  you  come 
to  some  fall  in  die  ground,  which  must  be  descended  by  locks  of 
any  number  of  feet  that  the  ground  will  admit  of,  suppose  8  feet 
each  lock.  Before  proceeding  farther,  as  stakes  were  driven  in  at 
every  place  the  levels  were  taken,  if  a  plan  and  section  \b  required, 
the  groTmd  must  be  again  carefully  measured  with  a  theodolite  and 
chain,  the  first  measure  that  was  taken  being  only  done  in  a  rough 
way,  merely  for  erecting  the  instrument  at  nearly  equal  distances. 
The  surveyor  will  have  to  return  to  where  the  second  stake  was 
placed,  and  plant  up  the  theodolite,  and  take  a  bearing  to  the  first 
stake  that  was  driven  into  the  ground,  past  the  cut  of  4  feet  upon 
the  summit ;  also  a  bearing  to  the  third  stake,  and  cause  the  chain- 
men  to  measure  those  distances  carefully ;  and  if  there  are  any 
towns,  villages,  or  farm-houses  seen,  take  bearings  to  them  as 
in  Figs.  1  and  2,  page  124;  so  that  these  distances  may  be 
ascertained  by  intersection  from  the  line  of  the  canal  on  either 
side  of  it.  Also,  in  crossing  a  road  or  brook,  or  any  little  rivulet, 
insert  on  a  sketch  not  only  the  distance  where  they  are  crossed, 
but  also  bearings  both  to  the  right  hand  and  the  left;  mark  every 
enclosure  you  enter  into,  and  leave  a  mark  by  digging  a  hole  with 
a  spade  at  or  near  every  fence.  If  the  canal  is  to  be  made,  every 
enclosure  will  have  to  be  measured,  and  the  quantity  of  ground 
ascertained  on  each  side  of  the  canal,  and  also  the  quantity  of 
ground  occupied  by  the  canal. 

I  now  come  to  show  the  best  method  of  taking  locks,  suppose  of 
8  feet  each.  Order  the  staffman  to  place  his  staff  upon  the  stake  at 
the  end  of  the  level,  and  plant  the  instrument  level  at  any  conveni- 
ent distance,  suppose  430  feet,  from  the  staff,  and  order  the  staff- 
man  to  slide  the  vane  up  or  down  till  you  see  the  hair  in  the 
telescope  and  the  mark  across  the  vane  to  coincide,  and  cause  him 
to  mark  with  chalk  where  the  under  side  of  the  vane  is  upon  the 
staff;  when  he  comes  down  to  the  instrument  look  how  far  the 
mark  is  upon  the  staff,  and  you  will  find  it  1  foot  3  inches ;  then 
slide  the  vane  up  the  staff  to  9  feet  3  inches,  and  order  the  staff- 
man  to  go  down  6  or  700  feet,  and  there  to  put  up  his  staff  to  see 
if  he  be  nearly  right.  If  he  is  too  low,  call  him  nearer  you,  and 
place  his  staff,  and  look  again ;  you  then  order  him  to  put  in  one  of 
his  stakes,  and  keep  driving  the  stake  till  such  time  as  the  vane  and 
hair  in  the  telescope  coincide ;  then  remove  the  instrument  3  or 
400  feet  below  the  stake  and  set  it  level ;  order  the  staffman  to 
pull  down  the  vane  till  such  time  as  you  see  the  hair  in  the  telescope 
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to  coincide ;  he  should  then  mark  where  the  vane  is  upon  the  staff, 
which  is  1  foot  6  inches ;  then  raise  the  vane  to  9  feet  6  inches, 
which  is  8  feet  above  the  mark,  and  cause  him  to  go  400  or  500  feet 
down  on  the  line  of  direction,  and  put  up  his  staff;  if  jou  see  the 
vane,  order  him  to  drive  in  a  stake.  After  several  trials,  jon  will 
see  the  hair  in  the  telescope  to  coincide,  which  finishes  the  second 
lock.     Every  lock  required  to  be  taken  is  done  in  the  same  waj. 

I  shall  onlj  observe  two  things  more  in  canal  surveying;  namely, 
Uie  method  of  measurmg  cuts  and  banking  across  glens,  guUeys, 
ravines,  or  valleys,  as  they  are  termed  in  different  parts  of  the 
country. 

Plate  XTTL,  Fig.  3, 

Represents  the  section  of  a  canal  A  A,  where  the  instrument 
was  placed ;  at  each  station  B  B  is  the  staff  where  it  was  placed ; 
C  C,  Fig.  8,  is  the  representation  of  the  staff  and  slider,  com- 
monly called  the  weight  or  vane,  which  the  staffinan  holds  up  as 
perpendicular  as  he  can  when  an  observation  is  taken ;  E  is  a 
cutting  of  8  feet  at  the  deepest  part,  and  is  850  feet  in  length ; 
F  is  another  of  11  feet  deep,  and  920  feet  in  length ;  G  is  another 
cut  of  4  feet  deep,  and  1440  feet  in  length ;  H  is  a  glen  or  ravine 
that  is  almost  perpendicular  on  one  side  of  the  brook  or  bum  which 
was  not  levelled,  being  impracticable,  but  the  depth  taken  from  a 
level  stake  on  the  opposite  side,  and  the  distance  across  was  fixed 
by  intersection,  and  calculated  by  logarithms,  to  prove  if  the  inter- 
section was  right ;.  which,  by  both  methods,  was  found  to  be  920 
feet  wide.  The  cutting  on  each  side  might  have  been  avoided  by 
going  across  the  brook  farther  down  the  bank;  but  as  earth  is 
wanted  to  fill  up  the  ravine  or  glen,  it  is  best  to  make  a  cut,  if  the 
ground  will  admit  of  it,  before  crossing  any  hollow  that  cannot  be 
avoided,  on  purpose  to  get  earth  to  fill  it  up. 

The  cutting,  banking,  building,  and  calculation  of  the  probable 
expense  required  in  cutting  a  canal,  is,  however,  more  the  profes- 
sion of  an  engineer  than  a  land-surveyor ;  but  as  a  land-measurer 
is  generally  employed  under  the  former,  his  knowledge  of  a  little 
of  this  department,  joined  to  his  own,  is  certainly  a  great  acquisi- 
tion. I  shall  now  point  out  the  method  I  have  hitherto  practised 
myself. 

Suppose  the  section  of  the  canal,  Plate  XIII.,  fig.  3,  the  cutting 
of  which  is  to  be  calculated,  the  canal  being  proposed  to  be  12  feet 
wide  at  bottom,  26  feet  wide  at  top,  and  4  feet  deep. 
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Finty  add  12,  the  width  at  bottom,  to  26  feet,  the  width  at 
top,  the  sum  is  38 ;  the  half  ia  19  for  a  mean,  which  mul- 
tiplied by  4y  the  depth  is  76;  which  sum  multiplied  by 
7430  feet,  the  whole  length  of  the  canal,  the  product  is 
664680  feet;  which  sum,  divided  by  27)  the  number  of 
feet  in  a  cubic  yard,  is  20914  yards  nearly,  at  8d..per 
yaro,       •••••■ 

The  cut  of  4  feet  deep  at  the  summit  is  1440  feet 
long,  26  feet  wide  at  bottom,  and  40  feet  wide  at  top. 

Add  26  and  40,  which  is  66,  the  half  of  which  is  33  for  a  mean 
width;  which  multiplied  by  2,  being  a  mean  depth,  is  66 ; 
wfiich  again  multiplied  by  1440,  the  whole  length  of  the 
cut,  is  95040;  which,  divided  by  27»  the  cubic  feet  in  a 
yard,  is  3620  yards,  at  8d.  per  yard,  is 

The  cut  F  at  the  steep  side  of  the  glen  is  26  feet 
wide  at  bottom,  62  feet  wide  at  top,  and  11  feet  deep, 
and  920  feet  long. 

Add  26  and  62,  the  sum  is  88,  the  half  of  which  is  44^  being 
a  mean  width ;  which  multiplied  by  5  feet  6  inches,  half 
the  depth,  being  a  mean,  is  242  feet ;  which  again  multi- 
plied by  920,  the  length  of  the  cut,  is  222640;  which, 
divided  by  27,  the  cubic  feet  in  a  yard,  is  8246  yards, 
aL  oQ.  .  •  •     '  .  .  • 


L.697     2     8 


117     6     8 


274  17     4 


The  cut  E  at  the  opposite  side  of  the  glen  is  26  feet 
wide  at  bottom,  52  feet  wide  at  top,  8  feet  deep,  and 
850  feet  long. 


Add  26  to  52,  the  sum  b  78,  the  half  is  39  for  a  mean  width ; 
which,  multiplied  by  4,  half  the  depth,  is  156;  which, 
multiplied  by  850,  the  length,  is  132600 ;  which,  divided 
by  27,  is  4911  yards,  at  8d., 

To  two  locks,  at  L.800  each. 

To  an  aqueduct  across  the  glen. 

To  towing  path,  &c.  &c.    . 

To  ten  per  cent  allowed  for  unforeseen  accidents, 

Total  expense  of  cutting  a  canal  1  mile  3  furlongs 
and  45^  yards  in  length. 
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Plate  XIII.,  Fig.  4, 

Represents  part  of  a  lake,  which  the  proprietor  wished  drained 
either  by  an  open  cast  or  a  mine.  The  levels  being  taken,  the 
summit  was  found  to  be  34  feet  high  above  the  bed  of  the  lake,  and 
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the  cut  18  1200  feet  long,  the  ground  a  stiff  day.     In  calculating 
the  expense,  it  was  found  as  follows : — 

6  feet  wide  at  bottom  +  90  feet  wide  at  top,  is  36  feet;  the 
half  is  18  X  by  1200  «  21600,  which  x  17,  half  the 
depth,  is  867200  cubic  feet,  which  -r  27  cubic  feet  in  a 
yard,  is  13600  cubic  yards,  at  Is.,  .  .  .  L.680     0     0 

Two  men  took  in  hand  to  cut  a  mine  4  feet  deep  and  3  feet 
wide  at  98.  per  running  foot,  and  to  put  up  the  sluice,  &c. 
at  their  own  expense,  for  ...  .      540  •  0     0 

This  last  method  was  adopted,  not  only  for  being  less  expensive, 
but  because  it  saved  the  land  from  being  broke  into  a  deep  and 
steep  ravine. 

PiATE  Xm.,  Fig.  5, 

Represents  the  section  of  a  road,  which  has  pulls  of  1  in  15, 1  in 
34,  and  1  in  9,  in  going  from  the  bottom  to  the  top — the  height  is 
30  feet,  and  the  length  480  feet :  480,  divided  by  30,  is  16 ;  which 
shows  that  the  road  can  be  brought  to  an  equal  pull  of  1  in  16,  by 
cutting  2  feet  deep  at  a,  and  banking  3  feet  at  &.  In  going  down 
the  hill  on  the  other  side,  the  road  descends  at  1  in  16,  1  in  60, 
and  1  in  10 — the  length  is  480 ;  which  sum  divide  by  30,  the 
height  of  the  hill,  and  the  quotient  is  16 ;  which  shows  that  the 
hill  can  be  brought  on  that  side  to  an  equal  descent  of  1  in  16,  by 
cutting  6^  feet  at  c,  to  the  dotted  line  drawn  upon  the  section. 

Plate  XIII.,  Fig.  6, 

Is  the  section  of  a  hollow,  which  has  a  descent  of  1  in  25,  another 
of  1  in  16,  and  another  of  1  in  13 ;  and  it  is  proposed  to  make  the 
road  of  an  equal  declivity.  The  length  is  610  feet,  and  the  fall  is 
36  feet.  Divide  610  by  36,  the  quotient  is  17  nearly ;  which  shows 
that  the  descent  can  be  brought  to  a  fall  of  1  in  17,  by  cutting  4^ 
feet  from  the  surface  at  a,  to  the  dotted  line  marked  on  the  sec- 
tion. In  ascending  the  hill  from  the  hollow  there  is  a  rise  of  1  in 
25,  another  of  1  in  12,  another  of  1  in  10,  and  another  of  1  in  28 : 
the  height  is  31  feet,  and  the  whole  length  is  620  feet;  which 
divided  by  31,  the  quotient  is  20 ;  which  shows  that  the  ascent  can 
be  brought  to  an  equal  rise  of  1  in  20,  by  banking  2  feet  at  &  to 
the  dotted  line,  and  cutting  7  feet  deep  from  the  surface  at  c. 

Plate  XIII.,  Fig.  7, 

Beprcsents  an  excellent  little  instrument,  which  was  invented  by 
Messrs  Adie,  mathematical-instniment  makers  in  Edinburgh,  which 
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enables  the  inspector  and  contractor  of  roads  to  ascertain  the  ascents 
and  descents  of  a  road  with  greater  faciUty  and  precision  than  has 
hitherto  been  practised.  A  and  B  are  two  rulers  of  mahogany  a 
foot  in  length,  1  inch  broad,  and  half  an  inch  thick,  joined  together 
with  a  joint  in  the  same  manner  as  a  common  foot-rule.  The  leg 
A  has  a  glass  tube  filled  with  spirits  all  to  a  bubble,  which  is  fixed 
on  the  upper  side ;  the  brass  arch  c  folds  into  the  leg  B  when  put 
into  the  pocket ;  D  D  is  a  rod  12  feet  in  length,  which  is  laid  upon 
the  surface  of  the  road,  and  the  instrument  is  laid  upon  it ;  there 
is  a  rack  and  pinion  to  bring  the  leg  A  to  a  level ;  the  arch  is 
divided  into  equal  distances  of  12  in  an  inch.  That  this  road 
instrument  may  be  rendered  as  easy  and  expeditious  as  possible, 
the  inspector  and  contractor  ought  to  be  furnished  with  a  table  the 
same  as  the  one  annexed,  that  the  declivity  or  acclivity  of  any  road 
they  wish  to  know  the  pull  of  (as  it  is  termed)  may  be  exactly 
ascertained. 
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The  following  table,  by  the  help  of  the  arc  on  the  theodolite,  is 
found  to  be  very  useful  to  a  practical  surveyor  in  ascertaining  the 
pull  that  a  road  can  be  brought  to,  by  a  single  observation,  if  the 
top  of  the  rise  from  the  bottom  can  be  seen,  or  vice  versa^  if  the 
bottom  can  be  seen  from  the  top. 


254 


LEVELLlNa. 


0^ 

0 

0 

:} 

If 
2 

2 


One  in 


229 
115 

76 

67 
46 
38 
33 
29 
25 
23 


One  in 


21 
19 
18 
16 
15 
14 
13 
13 
12 
Hi 


On«in 


11 

104 

10 

9 

H 

74 

6i 


10 

II 

12 
13 
14 
15 
16 
17 
18 
19 


On«{a 


5\ 

5 

^ 

4 
3 


ExplawUion  of  the  Table. — Set  the  theodolite  level  by  the  help 
of  the  screws  between  the  brass  plates,  after  having  set.  the 
index  at  o  on  the  arc ;  send  one  of  your  assistants  to  the  top 
of  the  hill,  or  rising  ground,  with  a  piece  of  paper,  or  any  other 
mark,  which  he  holds  to  that  part  of  his  breast  that  the  height  of 
the  telescope  reached  to  when  he  was  at  the  bottom ;  then  elevate 
the  telescope  till  you  see  the  paper  and  the  cross  hairs  in  the  tele- 
scope to  coincide ;  look  to  the  arc,  and  see  how  many  degrees 
and  minutes  the  index  cuts,  which  is  8  degrees ;  look  for  8  degrees 
in  the  table,  and  opposite  it,  on  the  right-hand  column,  is  1  in  7 ; 
that  is  to  say,  for  every  7  feet  you  go  upon  the  road,  you  ascend  1 
foot  in  perpendicular  height :  again,  if  die  index  cut  2^  upon  the 
arc,  look  into  the  table  for  2^^,  and  opposite  it  is  1  in  23. 
This  shows  that  every  23  feet  you  go  upon  tlie  surface,  you  rise 
1  foot  in  perpendicular  height.  If  you  wish  to  know  the  perpen- 
dicular height  of  the  hill,  measure  the  length  from  the  bottom  to 
the  top  of  the  rise,  which  suppose  is  2162  feet;  divide  the  number 
by  23,  and  the  quotient  is  94  feet  for  the  height  of  the  hill. 

It  will  be  necessary  to  observe  here,  that  in  the  different  sections 
on  Plate  XIIL,  representing  the  railway,  &c.,  two  scales  are  used, 
one  for  the  lengths,  and  the  other  for  the  perpendicular  heights.  If 
they  had  been  laid  down  upon  the  same  scale,  the  perpendiculai^s 
on  some  of  the  sections  would  not  have  been  appreciable  on  so 
small  a  scale ;  but  to  be  very  correct,  it  will  be  proper  to  lay  them 
dovni  upon  a  very  large  scale,  that  the  perpendicular  height  may 
be  ascertained  by  applying  a  pair  of  compasses  to  the  scale  the  sec- 
tion is  plotted  by. 

As  an  example  of  the  method  of  keeping  a  field-book  of  levelling 
nearly  as  now  generally  practised,  the  following  has  been  supplied. 
The  editor  has  given  it  in  full  from  his  note-book,  with  the  bear- 
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ings  by  the  compass  needle,  and  the  distances  in  links  of  the  impe- 
rial chain.  This  will  afford  the  means  of  plotting  and  sectioning 
it,  if  thought  advisable,  in  an  approximate  manner.  In  the  case  of 
railways,  and  other  works  requiring  great  accuracy,  the  plan  must 
be  protracted  from  measures  taken  with  the  theodolite  and  chain,  as 
has  been  previously  shown ;  and  those  in  great  practice  have  a  set 
of  books  ruled  in  a  commodious  form  expressly  for  this  purpose. 
For  rapidly  executing  flying  levels  of  moderate  accuracy,  a  notch 
in  the  diagram  of  a  given  magnitude  will  subtend  a  certain 
number  of  divisions  on  the  staff  at  a  given  distance,  by  recording 
which  divisions  in  an  appropriate  column,  the  horizontal  distances, 
by  reference  to  a  table  for  the  purpose,  become  readily  known,  even 
in  cases  difficult  to  be  obtained  by  direct  measurement. 
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FIELD-BOOK  OF  THE  LEVELLING  OF  THE  QUEEN'S  ROAD  ROUND 

ARTHUR-SEAT, 

OOHMENCIKO  AT  THE  FOOT  OF  ARTHUR  STREET. 
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90 

67 

11.82 

95} 

^ 

240 

58 

1.90 

9.92 

239.95 

w 

278 

58 

59 

9.45 

101 

253 

60 

0.01 

9.44 

249.39 

i 

260} 

381 

295.14 

45.75 

i 

45.75 

CarricKi 

249.39 

I  over. 
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No. 

Back. 

Fore. 

Rise. 

FaU. 

Result 

Name. 

Bearings. 

Distance 
in  links  of 
imp.chain. 

Back 

Fore. 

FMt.- 

FMt. 

Feet 

Feet 

Feet 

!>«& 

Dec. 

295.14... 

45.75... 

Brought 

forward. 

249.39 

^"W" 

A^wQ* 

61 

5.00 

42 

318 

62 
63 

0.27 

4.52 

0.48 

249.87 

\ 

854 

1761 

618 
457 

64 

7.26 

6.99 

242.88 

189 

496 

65 

4.69 

43J 

193 

66 

5.91 

1.22 

241.66 

2584 

507 

67 

4.70 

^ 

751 

9 

636 

68 

0.00 

4.70 

246.36 

267 

748 

69 

7.52 

88 

493 

70 
71 

8.65 

4.40 

ai2 

249.48 

•• 

109 

2751 

430 
475 

72 
73 

10.22 

0.67 

7.98 

257.46 

128 

2941 

179 
855 

74 

a92 

6.30 

26^76 

317 

225 

75 

1.23 

144 

158 

76 

11.45 

10.22 

253.54 

334 

246 

77 

0.37 

170 

130 

78 

11.65 

11.28 

242.26 

5 

215 

79 

0.30 

185 

122 

80 

11.00 

10.70 

231.56 

16 

102 

81 

0.45 

143 

102 

82 

11.70 

11.25 

220.31 

328 

110 

83 

0.52 

127 

64 

84 
85 

0.18 

11.40 

10.88 

209.43 

114 

3021 

90 
64 

86 
87 

0.15 

9.95 

9.77 

199.66 

108 

2321 

70 
63 

88 

10.95 

10.80 

188.86 

293 

88 

89 

0.15 

116 

63 

90 

11.76 

11.61 

177.25 

302 

100 

91 

0.05 

123 

68 

92 
93 
84 
95 

0.07 
0.38 

11.90 
11.63 

11.85 
11.56 

i65.40 
15^84 

^RiM. 

1281 
132 

3071 
314 

110 
83 

125 
81 

S6 

11.70 

11.32 

142.52 

309 

202 

97 

0.60 

/ 

127 

130 

98 

99 

100 

101 

0.80 
0.25 

10.20 
11.00 

9.60 
10.20 

132.92 
122.72 

127 
124 

3041 
303 

150 
100 
150 
110 

102 

11.00 

10.75 

111.97 

298 

150 

103 
104 

0.70 

10.80    1 

10.10 

101.87 

1161 

293 

100 
150 

105 

0.00 

117 

130 

106 
107 

0.75 

8.75 

8.75 

9ai2 

132 

300 

100 
110 

108 
109 

1.65 

8.35 

7.60 

85.52 

147 

3161 

100 
100 

110 
111 

0.20 

8.30 

6.65 

7a87 

171 

338 

100 
150 

112 
113 

0.10 

10.50 

10.30 

68.57 

185 

360 

200 
190 

114 
115 
116 
117 
118 
119 
120 
121 

0.30 
0.50 
2.15 
0.95 

9.40 

10.90 

7.95 

8.50 

9.30 

10.60 

7.45 

6.35 

59.27 
48.67 
41.22 
34.87 

1861 
190 
1951 
203 

4 

7 

11 

17 

200 
170 
200 
150 
100 
100 
100 
100 

122 
123 
124 
125 
126 
127 
128 

0.30 
0.20 
0.20 

9.00 

9.90 

10.15 

i     7.47 

8.05 
9.60 
9.95 
7.27 

26.82 

17.22 

7.27 

0.00 

1 

1891 

211 

215 

23 
321 
371 
40 

100 
108 
90 
107 
150 
143 
218 

349.69 

34.9.69 

* 

, 

26106 
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RAILWAY  SURVEYS. 

In  Burvejliig  a  tract  of  country  for  a  railway,  some  of  the 
methods  previously  ^ven  may  be  readily  applied  under  any  given 
circumstances  that  can  occur  in  actual  practice ;  it  will  only  be 
necessary  to  attend  to  the  conditions  of  the  railway,  and  the  stand- 
ing orders  of  parliament  for. the  time,  to  accommodate  the  plans, 
sections,  and  transits,  or  cross-levels,  to  every  object  which  the  pro* 
jectors  have  in  view.  These  may  vary  at  different  periods,  and  it 
therefore  becomes  necessary  for  every  engineer  to  make  himself 
thoroughly  acquainted  with  them  at  the  time  he  is  so  employed. 
In  general,  it  will  be  seen  from  an  inspection  oi  Plates  XTII.  XIV. 
and  XV.,  that  great  attention  must  be  paid  to  an  accurate  survey 
of  the  country  extending  to  some  distance  on  each  side  of  the  nul- 
way,  pointing  out  every  county,  parish,  town,  village,  farm,  or 
other  remarkable  place  throughout  its  extent,  near  which  the  rail- 
way passes — indicating  the  position  of  the  rails  by  a  strong  dark 
Una;  while  the  limit  of  deviation,  to  which  the  railway  company 
may  be  empowered  to  go  is  indicated  by  dotted  lines  on  each  side, 
at  a  certain  distance  from  the  proposed  line  of  rails.  The  different 
portions,  fields,  &c.,  must  be  all  numbered,  as  in  Plate  XIV.,  for 
the  sake  of  reference,  either  before  parliament  or  elsewhere.  The 
crossing  of  public  roads,  the  passages  of  buildings,  &c,  must  be 
drawn  on  a  larger  scale,  fixed  by  parliament.  At  the  present  time, 
1848,  the  plans  must  not  be  less  than^^r  inches  to  tiie  mile,  and 
one  hundred  feet  to  the  inch  for  sections. 

In  the  ordnance  survey,  the  maps  are  at  present  drawn  on  a 
scale  of  six  inches  to  the  mile.  Now,  if  on  these  the  sections  are 
100  feet  to  an  inch,  the  ratio  of  the  plan  to  the  section  w;ould  be 
1  to  8.8,  or  nearly  1  to  9 — that  is,  the  section  scale  would  be  nearly 
nine  times  that  of  the  plans ;  and  on  this  scale,  in  important  and 
closely-built  positions,  the  plans  and  sections  must  be  given.  The 
rates  of  inclination  must  likewise  be  all  carefully  marked  on  the 
section,  with  references  to  well-known  bench  marks,  as  the  mean 
level  of  the  sea,  &c. 

See  the  plates  already  referred  to  for  more  minute  information, 
since  an  inspection  of  them  will  give,  at  a  glance,  more  distinct 
ideas  than  a  lengthened  description  in  words. 

The  working  sections  must  be  given  on  a  much  larger  scale  than 
those  intended  for  parliament,  so  that  an  accurate  estimate  may  be 
made  of  their  contents,  and  consequent  expense  of  execution.  This 
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will  be  readily  comprehended  by  an  inspection  of  Plate  XY.,  which 
is  a  part  of  the  Radstock  branch  of  the  Wilts  and  Somerset  Railway , 
furnished  me  by  Mr  James  Geddes,  under  Mr  Brunei. 

It  was  drawn  originally  on  paper  faintly  ruled  with  yellow  ink ; 
making  the  horizontal  scale  two  chains,  to  one  inch,  and  the  vertical 
scale  ttoenty  feet  to  one  inch.  For  cross  sections,  cuttings,  and  em- 
bankments, the  scale  was  ten  feet  to  an  inch.  This  ruled  paper  can 
be  procured  from  Messrs  W.  and  A.  K.  Johnston,  engravers  in 
Edinburgh,  as  well  as  in  London,  and  will  be  found  remarkably 
convenient  for  the  purpose  of  drawing  plans  and  working  sections, 
because  the  ruled  lines  on  the  paper  itself  formed  the  scales. 

When  the  plan  and  sections  are  obtained,  the  extent  of  cuttings 
and  embankments  can  be  determined.  For  this  purpose,  variouii 
collections  of  tables  have  been  computed.  Those  of  Sir  John 
MacNeill  are  the  most  copious,  though  their  price  is  considerable. 
Smaller  collections  have  been  published  by  Kelly  and  Baker.  The 
most  convenient  for  general  purposes  are  those  of  Sibley  and 
Rutherford,  which  I  have  great  pleasure  in  recommending  to  the 
notice  of  practical  men.  Most  of  them  are  founded  on  what  is 
called  the  prismoidal  formula^  which  is  very  generally  applicable ; 
there  are  however,  occasionally,  instances  in  which  it  cannot-  be 
confidently  employed,  especially  when  the  ground  is  very  irregular, 
and  the  surfeuse  of  the  ground,  as  in  cross  section  No.  10,  slopes 
considerably  across  the  line.  In  such  cases,  no  mathematical  for- 
mula will  give  results  su£Sciently  exact,  and  it  then  becomes  neces* 
sary  to  take  the  area  of  the  cross  sections,  as  often  as  may  be  con- 
sidered necessary,  and  multiplying  «ach  by  the  length  chosen, 
according  to  the  judgment  of  the  engineer.  The  prismoidal  formula, 
however,  will  be  frequently  useful,  and  it  is  accordingly  given  here. 

Let  I  be  the  length,  and  h  the  breadth  of  the  base;  H  the 
height  of  the  higher,  and  h  that  of  the  lower  end,  d  the  difference 
of  the  heights,  and  8  the  ratio  of  the  side  slopes  —  the  whole 
dimensions  being  given  iafeei^  the  result  in  cubic  yards  will  be, 

y-i«   j  6y(H  +  A)+*H*+  ifd«|      ...    a.) 

This  will  give  the  cubic  content  in  square  yards,  when  the  sur- 
face of  the  ground  across  is  level,  but  will  require  a  modification 
when  that  is  not  the  case. 

For  the  application  of  this  formula  to  practical  examples,  see 
the  explanation  of  the  tables  already  referred  to,  and  the  expla- 
nation of  Table  XXXII.  of  this  work,  which,  when  properly 
applied,  will  serve  most  general  purposes. 
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ON    DETERMINING   THE   EFFECTS   OF    GRADIENTS   ON 

DIFFERENT  LINES  OF  RAILWAY. 

1.  In  the  present  times,  when  railways  are  constructing  in  all 
parts  of  the  United  Kingdom,  as  well  as  abroad,  on  account  of 
their  great  importance  and  general  utility,  a  recommendation  in 
favour  of  their  adoption  cannot  now  be  necessary.  However  evi- 
dent this  general  proposition  may  be,  yet  it  requires  much  caution 
and  considerable  professional  knowledge  to  select  the  lines  in  such 
a  manner  as  to  enable  tiie  country,  as  well  as  the  general  public 
and  shareholders,  to  derive  tiie  fiill  advantage  they  are  certainly 
calculated  to  produce.  The  surveyor  undertaking  such  a  work 
pught  first  to  ascertain,  by  personal  observation,  the  nature  of  the 
country  through  which  it  is  intended  to  pass,  witii  regard  to  its  locali- 
ties, its  structure,  and  geological  character.  This  might  lead  him  to 
the  choice  of  several  lines  apparentiy  equally  favourable,  as  far  as  a 
cursory  inspection  of  the  ground  by  tiie  eye,  chiefly  tiurough  the 
medium  of  its  lakes,  rivers,  and  mountain  ranges,  could  deter- 
mine. 

2.  In  the  selection  of  railways,  too,  the  amount  of  traffic,  to  a 
certain  extent,  ought  to  regulate  the  nature  of  the  construction. 
If  there  is  a  certainty  of  great  traffic,  the  expenditure  in  tunnel- 
ling, cutting,  embanking,  and  viaducts,  may  be  very  considerable, 
in  order  to  improve  the  gradients ;  but  if  a  moderate  trade  only 
is  to  be  expected,  such  an  expenditure  must  be  injudicious,  because 
it  increases  the  charges,  or  diminishes  the  profits  of  the  original 
shareholders,  and  thus,  unless  at  the  expense  of  the  public,  they 
must  receive  an  inadequate  remuneration  for  their  capital,*  Cir- 
cuitous lines,  to  serve  inferior  provincial  towns,  are  not  to  be  re- 
commended, except  to  a  limited  extent,  because  the  greatest 
amount  of  the  whole  traffic  may  be  expected  from  the  large  towns 
at  the  extremities,  for  whose  use  chiefly  the  railway  would  be  con- 
structed, and  through  whose  influence  the  bill  for  such  a  purpose 
must  chiefly  be  carried. 

The  passengers  between  these  towns  would  thus  be  compelled  to 
pay  fares  for  tiiese  additional  miles  so  tiirown  into  the  railway, 

*  It  has  BometimeB  been  inainuated  that  the  managers  or  directora  of  railways 
have  paid  high  percentages  not  derived  from  actual  profits,  and  then  reduced  them 
low.  This  system  might  suit  the  purposes  of  artfiil  speculators  in  railway  shares. 
In  hct,  however^  the  extravagant  formations  of  many  railways  are  such  as  to  pre- 
vent a  good  return  for  invested  capital  I  do  not  understand  on  what  principleM  of 
^tly  preferable  ekaree  can  be  created.  This  seems  to  demand  legal  or  parliamentaiy 
inquiry. 
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while,  at  the  same  time,  the  duration  of  transit  would  be  increased, 
by  this  means  entailing  a  positive  loss  on  the  majority  of  the  pas- 
sengers, both  in  money  and  time.  It  would  generidly,  therefore, 
be  better  to  connect  these  inferior  towns  with  the  main  line  by 
short  branches. 

The  advantages,  therefore,  to  be  derived  from  the  use  of  rail- 
ways, are,  rapidity  of  transit,  and  economy  of  charge;  to  accom-* 
plish  which,  die  following  principles  should  be  kept  constantly  in 
view: — 

l^,«One  of  the  conditions  which  must  not  be  departed  from  in 
laying  out  great  lines  of  railway  is,  that  those  lines  may  be  tra- 
versed throughout  their  whole  extent  by  locomotive  engines;  and 
in  order  to  avoid,  as  much  as  possible,  interruptions  and  delays, 
that  the  same  engine  should  draw  the  same  train. 

2'',  Another  condition  is,  to  diminish,  as  far  practicable,  the  time 
of  transit  between  two  given  points,  by  reducing  the  length  of  the 
railway.  In  this  case  the  straight  line,  either  horizontal  or  having 
one  uniform  slope,  will  be  the  most  advantageous.  It  is  this  line 
which  ought  to  be  selected,  or  the  nearest  practicable  one  to  it, 
both  horizontally  and  vertically. 

3%  If  two  lines  may  be  chosen  equally  advantageous  in  these 
respects,  then  that  which  passes  through  the  most  populous  and 
richest  country  in  minerals  ought  to  be  chosen. 

4^,  It  would  be  a  great  error  to  suppose  that  the  line  may  be 
leng^ened  circuitously,  because  by  that  means,  by  getting  easy 
gradients,  the  velocity  will  be  much  increased ;  since  what  is  gained 
in  velocity,  it  is  obvious,  may  be  easily  lost  in  greater  distance. 

5"",  It  was  formerly  supposed  (and  this  hypothesis  has  been  acted 
upon  by  many  engineers)  that  the  entire  line  of  railway  should,  as 
nearly  as  possible,  have  one  uniform  slope,  with  very  good  gra- 
dients, however  circuitous  almost  the  line  might  be  made  to  obtain 
them. 

6^,  Now,  within  certain  limits,  this  is  doubtless  true;  but  it 
requires  great  care  and  considerable  science  to  be  able  to  determine 
these  with  tolerable  accuracy  in  practice. 

7"*,  It  has  been  a  maxim  with  some  engineers,  that  if  a  uniform 
slope  is  impracticable,  or  if  it  requires  too  great  a  deviation  from 
the  straight  or  direct  line,  it  is  necessary,  at  least,  to  endeavour  to 
rise  progressively  from  one  extremity  of  the  line  to  another,  and 
never  to  ascend  where  it  must  descend  again. 

8^,  But  it  is  clear  that  such  views  are,  within  certain  limits,  incor- 
rect; for  if  the  traction  be  Increased  by  gravity,  when  a  train  or 
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engine  is  impelled  up  an  inclined  plane,  in  proportion  to  the  rate 
of  rise,  it  will  be  dinunished  in  nearly  the  same  proportion  when  it 
descends,  espedallj  when  the  gradients  are  very  good,  never  ex- 
ceeding 1  foot  in  300,  and  generally  much  less,  in  which  circum- 
stance the  acceleration  from  gravity  requires  no  check. 

9°,  On  this  principle,  the  loss  of  velocity  in  ascending  one  side  of 
a  rising  ground  or  inclined  plane  will  be  nearly,  but  not  exactly, 
compensated  by  the  gain  in  descending  the  other,  when  the  slopes 
are  equal,  and  some  aliquot  part  of  it  regulated  by  tlie  difference, 
if  they  are  unequal,  and  this  compensation  will  be  the  more  nearly 
equal  the  better  the  slopes  are,  and  the  more  perfect  our  engines 
become.  In  this  last  case,  the  raiio  of  the  friction  on  the  inclined 
plane  to  that  on  the  horizontal  plane  may  increase,  though  the  total 
effect  vnU  he  diminished. 

10°,  Hence,  in  tracing  a  line  of  railway,  there  is  no  inconveni- 
ence in  rising  higher  to  redescend  afterwards,  so  long  as  that  does 
not  render  it  necessary  to  extend  the  limit  of  the  slopes.  Thus,  for 
example,  several  lines  uniting  two  given  extreme  points,  upon  which 
it  is  admitted  that  the  same  locomotive  engine  draws  throughout 
the  same  train,  will  be  perceptibly  equal  in  respect  to  the  expense 
of  transit,  whatever  be  the  height  to  which  they  rise  or  to  which 
they  descend,  if  their  lengths  be  equal,  and  if,  upon  any  of  these 
lines,  the  steepest  slopes  do  not  surpass  1  in  200,  so  as  to  produce 
an  inconvenient  or  dangerous  acceleration.*  Hence  it  appears  that 
special  care  should  be  taken  to  diminish  the  leng^  of  the  line  of 
transit,  to  lower  the  limit  of  the  slopes ;  and  that  it  is  unnecessary, 
for  the  sake  of  remarkably  favourable  gradients,  to  involve  a  rail- 
way company  in  extravagant  expenses,  in  order  to  complete  tun- 
nels, make  embankments,  and  construct  viaducts — the  interest  of 
the  money  required  for  which  frequently  exhausting  a  considerable 
portion  of  the  revenue  of  the  speculation,  and  diminishing  the 
dividends  of  the  shareholders,  who  ought,  in  all  cases,  to  receive  a 
fair  remuneration  for  the  money  they  may  have  advanced. 

11°,  To  select  the  cheapest  and  most  efficient  line  of  railway, 
depends  upon  the  following  proposition: — To  combine  the  distance 
between  ttoo  given  points  with  the  gradients  in  such  a  manner  as  to  pro- 
duce the  greatest  effect  at  the  least  expense. 

•  Smoe  this  paragraph  was  origiiially  written,  the  power  of  locomotive  engines 
has  been  greatly  increased,  so  that  a  train  can  be  moved  up  an  inclined  plane  of  1  in 
40,  or  less,  and  that  1  in  80  or  1  in  100  is  now  much  introduced,  and  reckoned  toler- 
ably good.  In  fact>  many  stationary  engines  are  now  replaced  by  more  powerful 
locomotives,  though  certainly  good  gradients  should  alwaj's  be  adopted  when  con- 
venienty  and  can  be  obtained  at  moderate  expense. 
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Though  this  proposition,  in  general,  cannot  be  solved  directly, 
yet,  by  attending  to  the  preceding  principles,  an  approximate  solu- 
tion may  be  obtained,  by  the  aid  of  the  tables  accompanying  this 
work,  8u£Sciently  accurate  for  all  ordinary  purposes. 

12'',  In  estimating  the  mean  value  of  the  gradients  throughout 
a  line,  the  value  of  each,  with  its  proper  sign,  must  be  multipli^d 
by  its  length,  and  the  algebraical  sum  of  the  products  divided  by 
the  length  of  the  whole  line,  including  the  levels  in  the  same  mea- 
sure, will  be  the  mean  value  of  the  gradients,  in  which  the  signs 
of  the  ascents  must  be  reckoned  positive,  and  those  of  the  descents 
negative. 

13^,  If  the  force  of  traction  obtained  in  this  way  on  two  lines 
connecting  the  same  two  extreme  points  be  inversely  as  their 
lengths ;  or  if  the  product  of  the  length  of  one  line,  multiplied  by 
its  force  of  traction,  be  equal  to  the  product  of  the  length  of  an- 
other line  multiplied  by  its  force  of  traction,  the  effects  of  those  two 
lines  would  be  equal,  or  equal  tonnage  would,  by  equivalent  loco* 
motive  engines,  be  transported  along  each  line  in  equal  times. 
This  follows  from  the  fact  that,  if  the  traction  on  a  unit  of  the 
Une — such,  for  example,  as  one  mile — be  multiplied  by  the  whole 
length  in  miles,  the  product  will  be  the  total  traction  throughout 
the  line,  and  it  will  express  the  power  expended  in  propelling  an 
engine  throughout  the  whole  line.  Hence  the  relative  effective 
powers  of  two  lines  of  railway  may  be  easily  estimated,  and  their 
respective  advantages  and  disadvantages  readily  determined. 

14%  As  the  length  of  a  line  of  railway  is  one  of  the  elements 
employed  to  compute  the  expense  of  transit,  it  is  clear  it  should  be 
as  short  as  convenient  and  sound  principles  will  admit,  because  it 
will  also  reduce  the  time  of  transit.  It  would  be  committing  a 
great  error  to  suppose  we  may  lengthen  the  line  because  the  velo-> 
city  of  transport  over  it  is  great.  The  same  principle  which  ren- 
dered the  establishment  of  a  railway  necessary  or  desirable,  in  order 
to  obtain  a  mode  of  transport  quicker  than  any  other,  requires  that 
the  shortest  lines  should  be  sought  after,  and  even  to  prefer  them, 
when  sometimes  they  appear  disadvantageous  in  other  respects. 

16%  In  order  to  ascertain  the  effects  of  slopes,  experiments  have 
been  instituted  to  determine  the  amount  of  tractive  force  necessary 
to  propel  a  ton  of  burden  on  a  level  plane  or  horizontal  line  of  a 
well  constructed  railway.  This,  of  course,  varies  a  littie  with  the 
quality  of  the  railway,  as  well  as  with  the  construction  of  the  car- 
riages, and  depends  on  the  total  amount  of  friction.  In  general  it 
varies  from  8  lb.  to  9  lb.  per  ton,  and  is  therefore  very  generally 
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assumed  at  8^  lbs.  per  ton,  an  approximation,  in  the  present  state 
of  railway  carriages,  not  far  from  the  truth.  Now,  in  one  ton 
there  are  2240  lbs.,  consequently,  if  2240  lbs.  be  divided  by  8.5  lbs., 
the  quotient  is  264,  an  abstract  number,  from  which  it  is  inferred 
that  the  traction  on  the  level  plane  is  equal  to.l-264th  part  of  the 
weight  drawn.  But,  by  the  principles  of  mechanics, — The  ufeiglu 
moved  upon  an  inclined  plane^  is  to  the  potoer  by  which  it  is  moved 
as  the  length  of  the  inclined  plane  is  to  its  height. 

Suppose,  for  example,  that  a  waggon  enters  upon  an  inclined 
pkne  rising  20  feet  in  an  English  mile  of  5280  feet,  or  1  foot  in 
264  feet,  it  follows,  from  the  preceding  analogy,  that  an  additional 
8^  lbs.  will  be  combined  with  that  on  the  level,  or  that  twice  the 
force  will  be  necessary  to  propel  the  carriage  with  its  load  up  this 
ascent  at  the  same  velocity  as  on  the  level — ^that  is,  if  8^  lbs.  per  ton 
be  required  to  propel  a  carriage  or  train  of  waggons  at  tiie  rate  of 
80  miles  an  hour  on  the  level^  it  would  require  double  that  force  of 
traction,  or  17  lbs.  per  ton,  to  keep  up  that  velocity  on  an  inclined 
plane  or  slope  rising  1  foot  in  264,  or  20  feet  in  a  mile. 

It  also  follows,  from  the  same  process  of  reasoning,  that  a  velo- 
city of  30  miles  an  hour  might  be  kept  up  on  ascending  that  in- 
clined plane,  if  the  train  of  waggons  carried  a  part  of  the  load 
only.  It  is  frequently  observed  that  an  imdulating  line,  having 
considerably  steep  slopes,  limits  the  load  to  what  the  locomotive 
engine  can  propel  up  these  gradients, — a  fact  undoubtedly  true. 
But  no  slopes  so  steep  as  to  nearly  stop  the  trains  proceeding  at 
the  rate  of  30  miles  an  hour  on  the  level  should  be  admitted  on  any 
railway,  unless  from  unavoidable  necessity ;  and  in  that  case  a  sta- 
tionary, or,  better  still,  a  powerful  assistant  locomotive  engine  must 
be  employed  at  tiiose  points  where  they  may  be  required.  In  all 
lines  where  the  gradients  are  not  more  than  1  in  300,  no  such  oc- 
currence can  take  place ;  and  to  expend  large  sums  of  money  on 
tunnels,  cuttings,  embankments,  and  viaducts,  or  circuitous  lines 
for  better,  must  be  considered  a  useless  expenditure  of  the  public 
money. 

Again,  if  the  rise  be  1  in  2000,  it  will  require  an  additional  force 
of  1.12  lbs.  per  ton,  which,  added  to  8.5  lbs.,  that  on  the  level,  gives 
9.62  lbs.,  the  necessary  tractive  force  up  this  inclination,  similarly 
as  before^  In  this  way  we  arrive  at  a  distinct  knowledge  of  the 
exact  amount  of  tractive  power  necessary  to  propel  any  load  up  an 
inclined plancj  whatever  be  its  rise  per  mile,  or  its  inclination. 

K,  on  the  contrary,  the  train  be  moving  doum  the  descending 
plane,  then  the  tractive  force  necessary  on  the  level  plane  will  be 
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diminished  by  the  effects  of  gravity,  to  keep  up  the  same  velocity 
on  the  inclined  plane  as  on  the  level.  Hence,  if  the  power  be  con- 
stant, there  will  be  a  retardation  in  ascending  the  inclined  plane, 
and  a  corresponding  acceleration  in  descending,  which  will,  in  well- 
constructed  railways,  whose  gradients  do  not  exceed  1  in  300, 
nearly  coimterbalance  each  other.  The  modifications  on  this  ac- 
count may  be  obtained  from  the  accompanying  tables. 

Indeed,  absolute  accuracy  is  hardly  to  be  expected  in  such  cases, 
since  a  sufficient  number  of  experiments  on  all  sorts  of  inclinations, 
in  different  circumstances,  to  be  combined  with  mathematical  in- 
vestigations, have  not  yet  been  completed.  In  the  first  table,  by 
Mr  Barlow,  I  believe,  though  it  may  give  a  good  approximation  to 
the  truth,  it  appears  singular  that  there  should  be  such  disruption 
of  ^  law  of  continuity  on  the  descending  plane  at  about  1  in  140. 
It  appears  somewhat  strange  that  a  change  from  1  in  140  to  1  in 
160  should  change  abruptly  the  equivalent  horizontal  plane  from 
1.00  to  0.83;  while  from  1  in  160  to  1  in  180  it  does  not  change 
at  all,  and  even  continues  the  same  to  1  in  500 ;  while,  by  the  ex- 
periments of  Dr  Lardner,  he  finds  a  complete  compensation  of 
velocity  from  1  in  177  to  the  dead  level,  and  there  is  no  dangerous 
acceleration  on  inclined  planes  of  considerable  steepness,  so  that, 
after  acquiring  a  certain  velocity,  the  motion  becomes  uniform. 
No  doubt  this  must  be  true  when  the  friction,  combined  with  the 
resistance  of  the  atmosphere,  become  equivalent  to  the  acceleration 
from  gravity.  More  numerous  experiments,  I  suspect,  are  yet 
required  to  ascertain  the  precise  limits,  in  given  circumstances, 
within  which  this  compensation  takes  places.  Though  I  am  dis- 
posed to  put  greater  confidence  in  Mr  Barlow's  views  on  most 
points  than  in  Dr  Lardner's;  yet,  in  the  present  case,  from  the  re- 
marks I  have  made  above,  and  what  has  occurred  to  my  own 
knowledge,  it  would  appear  that  there  is  some  foundation  for  Dr 
Lardner's  results. 

On  the  preceding  principles  will  be  compared  the  relative  merits 
of  two  assumed  lines  of  railway,  in  which  the  values  of  the  respec- 
tive gradients  are  given  in  a  column  adjacent  to  the  corresponding 
measured  distances  of  the  slopes,  &c.,  for  a  passenger  train  of  50 
tons  only,  by  way  of  example. 
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Rksults  op  Linb  a,  for  a  PasMng^er-Tnun  of  50  Tons. 

No.  of 

SlopM. 

Meuared 

Eqaivalent  Hor.Dist 

Mean 

Gluuicttr. 

Distance 
in  Miles. 

Gzadients. 

Hor. 
Distance. 

Forward. 

Backward. 

1 

Level 

0.800 

0 

0.800 

0.800 

0.800 

2 

Descent 

1.630 

1  In  2000 

1.484 

1.676 

1.630 

3 

Ascent 

2.960 

lin2000 

3.227 

2.673 

2.960 

4 

LeTel 

1.736 

0 

1.736 

1.786 

1.736 

5 

Ascent 

6.260 

lin    600 

7.460 

6.260 

6.362 

6 

Ascent 

L143 

1  in  1200 

L261 

1.036 

1.168 

7 

Level 

1.143 

0 

1.143 

1.143 

1.143 

8 

Descent 

1.143 

1  in  1200 

1.036 

1.261 

1.163 

9 

Ascent 

2  270 

lin  2000 

2.483 

2.067 

2.270 

10 

Level 

0.760 

0 

0.760 

0.760 

0.760 

11 

Descent 

2.480 

1  in  1200 

2.247 

2.713 

2.480 

12 

Level 

0.470 

0 

0.470 

0  470 

0.470 

13 

Ascent 

8.466 

lin  800 

9.639 

7.271 

8.466 

14 

Level 

2.600 

0 

2.600 

2.600 

2.600 

83.730 

36.326 

31.336 

33.882 

Hoi 

n6e33.882--33.780==0.U 

»2  mile,  or  abo 

at  }  of  a  mile,  the  loss 

apon 

the  gradienta 

» 

Rks 

ULT8  OF  Linb 

B. 

No.  of 
Slopes. 

Measored 

Eqaivalent 

Hor.  Dist. 

Mean 

Cluncfeer. 

Distance 
in  Miles. 

Gradients. 

Hor. 
Distance. 

Forward. 

Backward. 

1 

Level 

0i876 

0 

0.876 

0.876 

0.876 

2 

Ascetit 

1.000 

lin  628 

1.212 

0.830 

1.030 

3 

Level 

1.600 

0 

1.600 

1.600 

1.600 

4 

Ascent 

2.000 

lin  480 

2.460 

1.660 

2.060 

5 

Ascent 

4.876 

lin  422 

6.138 

4.046 

6.116 

6 

Ascent 

3.626 

lin  440 

4.631 

3.009 

3.770 

7 

Ascent 

6.626 

lin  330 

8.811 

6.499 

7.166 

8 

Descent 

4.000 

1  in  330 

3.320 

6.320 

4.320 

9 

Descent 

2.600 

lin  660 

2.100 

2.938 

2.676 

10 

Descent 

1.769 

lin  406 

1.462 

2.222 

1.837 

28.760 

32.399 

27.899 

30.837 

Hence 

30.337—28.750  =  1.587, 

or  about  IJm 

tie,  the  loss 

apon  the  gi 

vdients. 

On  compaxing  the  results  of  these  two  lines,  designated  bj  A  and 
B^  it  appears  that  A  loses  only  about  one-sevenih  of  a  mile,  while 
B  loses  about  a  mile  and  orhalf^  in  steam-power  or  in  time^  hj  means 
of  the  gradients  alane^  when  the  effects  of  the  slopes  are  estimated 
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by  Mr  Barlow's  tables;  but  this  does  not  give  a  proper  estimate  of 
the  relative  expenses  of  the  lines.  This  is  obtained  from  a  com- 
parison of  the  mean  horizontal  distances  in  the  right-hand  columns. 
Thus  A  has  33.882  miles  of  mean  horizontal  distance^  while  B  has 
only  30.337  miles.  The  mean  difference  of  these  is  3.545  miles, 
the  loss  of  A  above  B,  in  passing  once  along  the  line,  and  of  course 
double  of  this,  or  about  7  miles,  in  one  trip  forward  and  back,  of 
steam-power  or  of  time.  These  conclusions  are  independent  of  5 
miles  of  actual  measured  distance,  for  the  construction  of  which 
additional  miles  funds  must  be  provided,  which  causes  an  immense 
loss,  or  useless  expenditure  of  money  to  the  shareholders  of  A's 
line,  while  that  of  B  is  more  effective. 

Besides  entailing  the  expenses  of  construction  on  the  share- 
holders for  these  additional  useless  5  miles,  the  expenses  of  transit 
over  them  must  be  charged  on  goods  and  passengers,  thus  com- 
pelling those  who  use  the  railway  to  suffer  a  severe  annual  loss,  with- 
out any  equivalent  advantage.  These  injudicious  schemes  will  no 
longer  be  tolerated,  as  the  legislature  now  (1848)  employ,  very 
properly,  men  of  competent  science  to  examine  them  before  an  act 
for  their  execution  can  be  obtained.  So  much  for  the  benefit  con- 
ferred on  the  public  by  injudicious  speculators  in  railways.  In 
fact^  they  materially  injure  the  public  as  well  as  themselves,^ 

Hence,  from  this  investigation,  great  care  should  be  taken  to 
avoid  extending  the  lines  too  much  for  the  sake  of  good  slopes, 
whereby  more  may  be  easily  lost  in  distance  than  gained  by  good 
gradients.  Hence,  too,  the  policies,  or  fancy  grounds  and  parks 
of  noblemen  and  private  gentlemen  are  indiscriminately  assailed 
without  any  reason.  The  public  are,  indeed,  greatly  interested  in 
the  proper  selection  of  the  cheapest  and  most  economical  line  of 
railway  in  every  respect,  and  ought  to  make  every  exertion  to 
obtain  it  For  this  purpose,  it  appears  that  a  national  system  of 
railways  ought  to  be  adopted,  and  that  parliament  ought  to  exer- 
cise great  care  in  examining  the  nature  and  qualities  of  all  rail- 
ways, before  passing  bills  for  their  completion. 

In  conclusion,  it  ought  to  be  an  object  with  the  eugineer  to  ren- 
der, as  nearly  as  possible,  the  cuttings  and  embankments  equalj 
so  that  little  ground  will  be  required  for  superfluous  earths  to  be 
deposited  in  spoil  banks^  as  they  are  technically  called.  For  making 
the  necessary  calculations,  MacNeill's  Tables  will  be  found  very 

*  These  are  the  results  from  the  comparison  of  two  lines  actually  surveyed  and 
proposed  for  adoption.  The  disadvantageous  line  was  adopted  and  the  adtantageofUB 
rgtcUd  I    Can  shareholders  expect  a  fair  return  for  capital  so  expended  1 
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useful.  If  these  are  considered  too  expensive,  some  of  the  smaller 
tables,  as  oin*  Table  XXXII.,  &c.,  may  be  easily  obtained,  accom- 
panied by  directions  for  their  use.* 

3.  To  lay  offpoinla  in  a  circle^  such  tu  in  the  curves  of  raUwaya, 

AT* 

In  the  figure  we  have,  by  the  principlecr  of  geometry,  AB  ■«  g^^ 

nearly.f 

Here  let  the  radius  CB  of  the  curve  be  one  mile,  hence  BO  "= 
2  X  8000  links  =  16,000  links.  Now, 
let  a  point  for  each  degree  round  tlie 
centre  be  set  off.  Then  the  natural 
tangent  for  one  degree  is  0.017455, 
whence  0.017455  x  8000  -  139.64 
links  »"  AT  ^  Ty  nearly,  in  this  case. 
AT*      139.64« 


Hence 


1.225  links 


BG         16000 

AB  or  y  B,  because,  when  the  circle  is 

great  compared  with  T  A  or  T  y,  then  AB  and  y  B  toust  be  nearly 

equal. 

Again,  produce  the  chord  TB  to  subtend  another  degree,  making 
BE  «  TA,  or  rather  Ty,  then  EF  -  2y  B  -  2  X  1,225  -  2.45 
nearly.  Again,  through  B  and  F  produce  the  chord  BF  to  H,  so 
as  to  subtend  another  degree,  and  make  HK  "■  2.45  links  as  be- 
fore, and  K  will  be  another  point  in  the  circle;  continue  this  pro- 
cess till  the  whole  curve  is  completed  by  points,  and  then  soften 
the  points  into  a  continuous  curve  by  any  practical  method  that 
may  readily  occur. 

The  curves  may  be  set  off  in  the  following  manner,  where  the 
arc,  as  used,  is  small;  and  it  is  sufficiently  near  the  truth  for 
practice. 

By  geometry,  AB  :  BC  : :  BC  :  BD;  hence  BD  -  j^.  When 
the  arc  BC  is  small,  it  differs  little  from  its  chord ;  and  since  AB 


*  See  Explanation  of  Railway  Tables. 

t  From  the  Eame  principles  it  is  also  obvious  that  BG  or  2  BC 


ATf 
AB 


or  BC= 


t~-;  that  IB,  the  radius  of  curvature  varies  as  half  the  tqwa/re  of  the  length  of  a 

rail  divided  by  the  deviation ;  hence  great  care  is  required  in  laying  rails  to  pi^ 
serve  the  adopted  curvature,  since  a  tmaU  deviation  of  the  rail  causes  a  great  ehamge 
in  the  radius  of  curvature. 
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is  constant,  then  BD  varies  as  BC^.  Now,  commencing  at  B,  the 
deviation  of  the  curve  BC,  from  the 
straight  line  BE,  as  in  levelling,  in- 
creases as  the  square  of  BC.  Taking, 
therefore,  BG  for  the  whole  length  of 
the  curve,  and  assuming  anj  number  of 
points  in  BE,  as  O,  C,  C",  &c,  these  * 
deviations  will  be  as  the  squares  of  BO,  BC*,  BC",  &c. 

Setting  out  from  C,  and  CG  being  known,  then  at  one-half  GB 
the  deviation  will  be  ane-Jburih  of  CG;  at  one^third  of  GB,  it  will 
be  one-ninth,  &c.  Hence  any  number  of  points  in  the  curve  may 
be  found  when  the  operations  commence  either  at  B  or  G,  as  may 
be  considered  most  convenient. 

The  curves  of  railways  may  be  also  determined  by  means  of  the 
following  table  of  co-ordinates  of  the  circle  computed  to  a  radius  of 
unity,  and  to  each  hundredth  part  of  that  radius,  through  the  whole 
diameter,  to  six  places  of  fig^ures. 


TABLE  L 

CO-ORDINATES  OF  THB  CXKCLl  TO  RADIUS  UNITY  POR  BVSRY  HUNDRBDTH  PART 

OP  THX  DIAMSTSR. 


Abteiii. 

Ordinate. 

AbsciiB. 

AbMisf. 

Ordinate. 

AbsciflB. 

0.00 

0.000000 

2.00 

0.20 

0.600000 

1.80 

0.01 

0.141067 

1.99 

0.21 

0.613107 

1.79 

0.02 

0.198997 

1.98 

0.22 

0.625780 

1.78 

0.03 

0.243105 

1.97 

0.23 

0.638044 

1.77 

0.04 

0.280000 

1.96 

0.24 

0.649923 

1.76 

0.05 

0.812250 

1.95 

0.25 

0.661438 

1.75 

0.06 

0.341174 

1.94 

0.26 

0.672607 

1.74 

0.07 

0.367560 

1.93 

0.27 

0.683447 

1.73 

0.08 

0.391918 

1.92 

0.28 

0.693974 

1.72 

0.09 

0.414608 

1.91 

0.29 

0.704202 

1.71 

0.10 

0.485890 

1.90 

0.30 

0.714143 

1.70 

0.11 

0.455961 

1.89 

0.31 

0.723809 

1.69 

0.12 

0.474974 

1.88 

0.32 

0.733212 

1.68 

0.18 

0.493052 

1.87 

0.33 

0.742361 

1.67 

O.U 

0.510294 

1.86 

0.34 

0.751266 

1.66 

0.15 

0.526783 

1.85 

0.35 

0.759934 

1.65 

0.16 

0.542586 

1.84 

0.36 

0.768375 

1.64 

0.17 

0.557763 

1.83 

0.37 

0.776595 

1.63 

0.18 

0.572364 

1.82 

0.38 

0.784602 

1.62 

0.19 

0.586430 

1.81 

0.39 

0.792401 

1.61 

[Omtmued, 
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TABLE  h-^xmimued. 


Abscisa. 

Ordinftte. 

AbaciBB. 

Abtcin. 

Ordinate. 

AbflciBs. 

0.40 

0.800000 

1.60 

0.70 

0.963989 

1.30 

0.41 

0.807403 

1.59 

0.71 

0.957027 

1.29 

042 

0.814616 

1.58 

0.72 

0.960000 

1.28 

0.43 

0.821645 

1.67 

0.73 

0.962860 

1.27 

0.44 

0.828493 

1.66 

0.74 

0.966609 

1.26 

0.45 

0.836165 

1.66 

0.76 

0.968246 

1.26 

0.46 

0.841665 

1.54 

0.76 

0.970773 

1.24 

0.47 

0.847998 

1.53 

0.77 

0.973191 

1.23 

0.48 

0.854166 

1.62 

0.78 

0.975500 

1.22 

0.49 

0.860174 

1.51 

0.79 

0.977701 

1.21 

0.60 

0.866026 

1.50 

0.80 

0.979796 

1.20 

0.61 

0.871722 

1.49 

0.81 

0.981784 

1.19 

0.62 

0.877268 

1.48 

0  82 

0.983667 

1.18 

0.68 

0.882666 

1.47 

0.83 

0.986444 

1.17 

0.64 

0.887919 

1.46 

0.84 

0.987117 

1.16 

0.65 

0.893029 

1.46 

0.86 

0  988686 

1.15 

0.66 

0.897998 

1.44 

0.86 

0.990152 

1.14 

0.57 

0.902829 

1.43 

0.87 

0.991614 

1.13 

0.68 

0.907624 

1.42 

0.88 

0.992774 

1.12 

0.69 

0.912086 

1.41 

0.89 

0.993932 

1.11 

0.60 

0.916616 

1.40 

0.90 

0.994987 

1.10 

0.61 

0.920816 

1.39 

0.91 

0.996942 

1.09 

0.62 

0.924986 

1.38 

0.92 

0.996796 

1.08 

0.63 

0.929032 

1.37 

0.93 

0.997647 

1.07 

0.64 

0.932962 

1.36 

0.94 

0.998198 

1.06 

0.66 

0.936760 

1.35 

0.95 

0.998749 

1.05 

0.66 

0.940426 

1.34 

0.96 

0.999200 

1.04 

0.67 

0.943981 

1.33 

0.97 

0.999500 

1,03 

0.68 

0.947418 

1.32 

0.98 

0.999800 

1.02 

0.69 

0.960737 

1.31 

0.99 

0.999950 

1.01 

0.70 

0.963939 

1.30 

1.00 

1.000000 

1.00 

Bj  tbii  Uble  the  eo-ordiiiAtes  of  an  ellipae  may  be  obtained,  by  multiplying  thoee  for  the 
circle  by  the  ratio  of  tiie  axea  of  the  ellipse. 


APPLICATION. 

Bule, — ^Divide  the  given  absdss  Mj  the  radius  of  the  giyen  drcle, 
and  find  the  tabular  number  corresponding  to  the  quotient  Mul- 
tiply  this  number  by  the  radius  of  the  given  circle,  the  product  will 
be  the  coiresponding  ordinate. 

Let  a  be  the  given  absciss,  r  the  given  radius,  or  o  the  required 

ordinate,  then  from  —  «=  »  the  tabular  number  will  be  found 

0  ^  nr  the  given  ordinate. 

Example  1. — ^Let  the  radius  of  the  circle  r  be  450  feet,  and  the 
absciss,  or  distance  on  the  diameter,  from  one  of  its  extremities, 
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200  feet,  required  the  ordinate,  or  perpendicolar  from  this  point  on 
the  diameter  to  the  circumference  ? 


First - 


200 
450 


^  »  0.444444. 


From  the  table,  0.444444  gives  n  —  0.831458,  the  correspond- 
ing number  from  the  table. 

But  o  a  nr^  then  the  ordinate  is  equal  to  0.831458  ^  450  ^ 
374.16  feet  nearly. 

Example  2. — ^Let  the  radius  of  the  circle  be  60  chains,  and  the 
absciss  40  chains,  required  the  ordinate? 

-  =  -  =  0.666  rives  as  absciss  =  0.942796,  and  0.942796 

60       3  °  ' 

X  60  "  56.568  chains  the  absciss. 

Easample  3. — By  this  table  any  number  of  points  may  be  found 
in  an  arc  of  a  drcle  when  the  radius  is  known,  by  setting  ofiF  dis- 
tances from  its  chordj  which  will  be  the  case  most  commonly  re- 
quired in  railway  curves. 

Suppose  the  length  of  the  chord  FK 
to  be  600  feet,  the  points  Q  and  E 
will  be  600  feet  distant,  and  let  the 
diameter  of  the  circle  be  1000  feet, 
and  radius  500  feet.  Whence  if  the 
ordinate  QF  or  EK  be  subtracted  from 
those  of  the  points  P,  M,  &c.,  then  the 

portions  remaining,  PQ,  MN,  &c.  of  these  ordinates  become  known, 
which  set  off  from  the  points  Q,  N,  &c.,  will  give  the  points  P,  M, 
&c.  in  the  arc,  and  through  which  it  may  be  readily  traced,-  when 
sufficiently  numerous.  Thus  from  1000  feet  AB,  subtract  600  feet 
FE  »  GE,  the  remainder  will  be  400  feet,  one-half  of  which  is 


200 


^  =  0.4,«  AG  to  ra- 


200  feet,  equal  to  AG  or  EB.    Then  ^^ 

dius  unity.    Whence  to  0.4  the  ordinate  by  the  table  is  0.800000. 

Again  let  AB  ™  400  feet  from  A,  in  like  manner,  —  «   0.8  to 

radius  unity;  therefore  the  ordinate  0.8  is  0.979796.  From 
0.979796  subtract  0.800000,  the  remamder  is  0.179796,  the  value 
of  PQ  or  MN  to  radius  unity,  which  multiplied  by  the  given 
radius,  500  feet,  gives  89.898  feet,  the  length  of  PQ  or  MN  in 
feet,  because  these  are  equidistant  from  the  extremities  of  the 
diameter,  or  from  the  centre  C  of  the  circle. 

Now,  the  table  being  computed  to  every  hundredth  part  of  the 
radius,  the  perpendiculars  P  Q,  M  N,  &c.,  may  be  computed  at 
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every  5  feet  to  a  radius  of  500,  as  In  this  example — a  number  of 
points  quite  sufficient  in  ordinary  practice,  which  being  set  off  from 
the  chord  FK,  will  enable  the  engineer  to  trace  the  arc  FPMK 
with  all  the  requisite  accuracy. 

In  setting  off  road  curves,  and  more  especially  railway  curves, 
the  radius  should  be  as  great  as  convenient,  to  prevent,  as  far  as  pos- 
sible, the  danger  from  centrifugal  force  tending  to  carry  the  engines 
off  the  rails.  In  the  Qiuzrterly  Journal  of  AgricuUure  of  1830,  the 
writer  endeavoured,  by  a  part  of  the  following  table,  to  point  out 
the  bad  effects  of  rapid  curves  on  common  roads  for  the  usual  wheel 
carriages,  which  is  here  again  introduced,  but  must  be  modified,  as 
Pambour  has  attempted  to  do  for  railways,  for  reasons  that  will  be 
immediately  given.  Let  F  be  the  centrifugal  force,  v  the  velocity 
of  the  moving  body  in  feet  in  one  second  of  time,  r  the  radius  of 
the  circle  or  curve  in  the  road,  and  g  the  force  of  gravity  equal  to 
32.2  feet,  then 

F  =  -     •  •  •  •  •         (!•) 

r 

by  which  the  centrifugal  force  F  is  determined  in  feet.  If  the  cen- 
trifugal force  be  required  in  terms  of  the  weight,  w^  of  the  moving 
body,  then 

f^Jr^^^     ....         (2.) 

which,  multiplied  by  «>  in  known  terms  will  give  the  centrifugal 
force  in  the  same  terms,  or  denomination  of  weight.  These  for- 
mulaB  are  in  general  terms,  in  which  any  value  may  be  given  to  r. 
In  my  first  table,  intended  to  be  applied  to  common  roads,  for  the 
usual  wheel  carriages,  r  was  assumed  equal  to  100  feet*  In  rail- 
ways it  is  more  appropriate  to  assume  r  «  1000  feet.  Its  results 
may  be,  however,  modified  so  as  to  suit  other  values  of  r.    By  taking 

r  at  -  the  effect  will  be  increased  about  n  times,  and  by  taking  it 
fi 

n  times,  the  effect  will  be  -  only,  that  is,  the  effect  is  inversely  as 

the  radius  of  ciu'vature,  as  the  formula  show.  Whence  the  num- 
bers in  the  table  may  be  made  applicable  to  various  values  of  r 
within  reasonable  limits,  and  those  nearly  correct  in  our  present 
views. 

On  common  roads  the  correction  must  be  made  by  the  curvature 
and  inclination  of  the  road  itself;  but  in  railways,  the  correction 
may  be,  and  generally  is,  subdivided  between  the  inclination  of 
the  rails  to  the  horizontal  plane,  and  the  conical  shape  of  the  tires 
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of  the  wheels,  in  such  proportion  as  the  engineer  may  think  ad- 
visable. 

For  this  purpose,  formula  (2)  requires  a  modification  in  the  re- 
sults derived  from  it  depending  upon  the  conical  shape  of  the  tires 
of  the  wheels,  as  generally  now  constructed,  which  is  half  an  inch 
in  three  inches  and  a-half,  with  play  of  from  half  an  inch  to  an 
inch  of  the  flanges  of  the  wheels  on  each  rail. 

Hence,  by  this  play  between  the  rails,  the  interior  axis  will  fall 
while  the  exterior  rises,  which  in  part  counteracts  the  effects  of 
centrifugal  force,  as  well  as  the  sliding  of  one  interior  wheel  by 
the  greater  velocity  of  the  exterior,  since  they  are  hoiii  Jlxed  on  the 
same  axle — and  one  end  of  the  axis  falls,  while  the  other  rises, 

3.5  :  1  :  :  0.6  :  0.14286  for  a  half  inch  of  play. 

Hence,  for  a  play  of  one  half  inch  between  the  rails,  an  elevation 
of  0.14  inch  of  the  exterior  wheel  is  obtained  from  the  conical 
shape  of  the  wheels,  and  the  remainder  must  be  derived  by  the 
elevation  of  the  exterior  rail,  from  the  accompanying  table.  K  the 
lateral  motion  of  the  wheels  be  limited  to  a  quarter  of  an  inch,  the 
elevation  from  the  tires  will  be  0.07  inch  only — the  rest  must  be 
obtained  from  the  elevation  of  the  exterior  rail.  This  may  be  de- 
termined with  tolerable  accuracy. 

Formula  (2)  gives  the  inclination  of  the  «road  or  rails  to  the 
horizontal  plane,  in  order  to  counteract  the  effects  of  gravity,  the 
numbers  being,  in  fact,  the  natural  cotangents  of  the  inclination, 
when  not  multiplied  by  u?,  the  weight  of  the  moving  body. 


TABLE  II. 


Velocity  in 

English  miles 

per  hoar. 

Velocity  in  feet 

in  one  tecond 

of  time. 

F=f  in  feet, 

when  r  =  1000 
feet 

nat  tang,  of  incli- 
nation when 
r  » 1000  feet 

I  ss  inclination 
of  the  road  to  the 
horixontal  plane. 

10 

14.667 

2.151 

0.006681 

e          /            «/ 

0    22    58 

15 

22.000 

4.840 

0.015031 

0    51    40 

20 

29.333 

8.604 

.     0.026722 

1    31    50 

25 

36.667 

13.444 

0.041753 

2    23    27 

30 

44.000 

19.360 

0.060124 

3    26    26 

40 

58.667 

34.418 

0.106887 

6      6      4 

50 

73.333 

53.778 

0.167012 

9    28    53 

60 

88.000 

77.440 

0.240497 

13    31    21 

100 

146.667 

215.111 

0.668047 

83    44    41 

8 
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USE  OP  THE  TABLE. 

Example  1.— Let  the  velodtj,  v^  be  30  miles  an  hour,  the  radius 
t)f  curvature  1000  feet,  the  play  of  the  tires  between  the  rails  half 
an  inch,  the  conical  shape  of  the  tires  half  an  inch  in  three  and  a 
half,  or  one  in  seven,  and  the  distance  between  the  rails  4  feet  8^ 
inches;  required  the  rise  of  the  exterior  rail  above  the  interior,  to 
counteract  the  effect  of  centrifugal  force? 

Opposite  the  velocity,  30  miles  an  hour,  in  column  first,  will  be 
found  0.060124 ;  in  column  fourth,  then 

0.060124  X  56^  inches,  gives         .  .  .         3.398  inches. 

For  half  an  inch  play  of  the  tires^  subtract  .         0.143     „ 

Rise  of  exterior  rail  above  the  interior,      •  .         3.2^     „ 

Example  2. — Suppose  the  radius  of  curvature  to  be  2000  feet, 
in  place  of  1000,  then  the  value  of  /  must  be  half  of  its  former 
amount,  thus — 

0.030062  X  56^  inches,    ....         1.699  inches. 
Deduct  as  before,  ....         0.143     „ 

Rise  of  exterior  tire  above  the  interior,      .  .         1.556     „ 

Because,  when  the  radius  of  curvature  increases,  the  value  of /de- 
creases, though  that  derived  from  the  bevelling  of  the  tires  remains 
about  constant. 

Eocamph  3. — The  same  thing  may  be  done  by  means  of  the  fifth 
column,  with  an  instrument  for  measuring  angles  accurately.  It 
is  clear  also,  from  this  column,  that  the  radius  should  be  great 
when  the  velocity  is  great,  such  as  50  or  60  miles  an  hour.  Then 
the  radius  of  the  curve  cannot,  with  propriety,  be  less  than  a  mile 
or  two.  On  the  contrary,  when  the  velocity  is  small,  the  radius 
may  be  reduced. 

It  may  also  be  remarked,  that  the  difference  of  the  heights  of 
the  rails,  as  is  obvious  from  columns  fourth  and  fifth,  depends  upon 
their  distance  from  one  another. 

Example  4. — Let  the  broad  gauge  of  7  feet  be  taken  for  4  feet 
8^  inches,  in  Example  1,  then — 

0.060124  X  84  inches,  gives      .  .  .         5.050  inches. 

Subtract  the  effect  of  the  conical  tires,  .  .         0.147      „ 

Rise  of  exterior  rail  above  the  interior,  .  .         4.903      „ 
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Other  minute  considerations  might  give  a  small  correction  to 
these,  and  thej  maj  be  considered  slightly  too  great;  but  this  is 
an  error  on  the  safe  side,  as  it  is  difficult  to  prevent  the  rails  and 
wheels  from  wearing  and  altering  their  position  slightlj. 

For  adapting  railway  curves  to  one  another,  see  Galbraith 
and  Butherford's  edition  of  BonnycastWa  Algebra^  1848. 

The  effects  of  the  force  of  the  wind  upon  a  railway  ti'sdn  must 
be  very  considerable,  even  in  calm  weather.  The  enormous  re- 
sistance of  the  atmosphere  to  the  motion  of  shot  and  shell  has  been 
long  known,  from  the  experiments  of  Hutton  and  Gregory ;  while 
the  same  thing  with  regard  to  other  bodies  has  been  rendered 
familiar  by  the  experiments  of  Smeaton,  Bouse,  and  Borda.  K  • 
be  the  angle  of  incidence,  s*  the  surface  struck  in  feet,  v  the  velo^ 
city  of  the  wind  per  second  in  feet,  then  the  force  of  the  wind  in 

avoirdupais  pounds  will  be 

/  «  0.0024  f^  tin*  i. 

The  following  table  has  been  taken  from  data  giving  somewhat 
smaller  results,  the  velocity  being  in  miles  per  hour  or  feet  per 
second: — 

TABLE  ni. 


Velocit} 

r  of  Wind. 

Direct  force  in  lbs. 
on  1  square  foot 

Common  designation  of  the 
winds. 

MilM. 

Feat 

lb.   ox. 

1 

1.47 

0.005 

Hardly  perceptible. 

2 

2.93 

0.020 

8 

4.40 

0.044 

Perceptible. 

4 

6.87 

0  079 

5 

7.33 

0.128 

Gentle  breeze. 

10 

14.67 

0.492 

15 

22.00 

1.107 

Brisk  gale. 

20 

29.34 

1.968 

25 

36.67 

3.075 

Wind. 

30 

44.01 

4.429 

85 

51.34 

6.027 

High  wind. 

40 

58.68 

7.873 

45 

66.01 

9.963 

Tempest. 

50 

73.35 

12.800 

Storm. 

60 

88.02 

17.715 

Violent  storm. 

•    80 

117.86 

31.490 

Hurricane. 

100 

146.70 

49.200 

Violent  hurricane. 

From  this  it  follows  that  the  expense  of  steam-power,  at  high 
velocities,  must  in  all  cases  be  enormous,  especially  when  opposed 
to  the  direction  of  the  wind. 
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SECTION    FIFTH. 


COUNTY  SUBVBYINQ. 


The  Burveying  of  a  large  district  or  county  is  an  operation  so 
eztensiYC  and  complicated,  as  to  require  the  utmost  exertion  of  the 
surveyor's  abilities  in  every  branch  of  his  department ;  for  in  the 
exercise  of  it,  he  will  find  various  difficulties  to  encounter:  errors, 
if  due  care  is  not  taken,  will  arise,  and  these  will  continue  multi- 
plying throughout  the  whole  survey.  The  satisfaction,  then,  that 
the  surveyor  will  have,  both  in  the  progress  and  termination  of  his 
work,  must,  it  is  evident,  entirely  depend  upon  the  correctness, 
care,  and  caution  he  sets  out  with ;  and,  added  to  this,  the  accuracy 
of  his  instruments.  The  choice  and  measurement  of  a  base  line, 
though  in  itself  it  appears  a  simple  operation,  is,  however,  when 
done  with  the  nicety  required,  laborious  and  difficult,  as  a  very 
small  error  (more  particularly  if  the  base  is  short)  will  afiect  the 
whole  work.* 

.  *  The  accuracy  with  which  haae  lines  have  been  measured  in  this  country,  is 
better  known  by  those  who  are  in  possession  of  an  invaluable  work,  entitled,  "  The 
AecoutU  of  a  Grand  Trigonomttriecd  Survey  of  England  and  Walet,^  carried  on  by 
govemment  under  the  direction  of  the  Board  of  Ordnance.  In  this  work  is  con- 
tained the  result  of  a  series  of  great  triangles,  extending  over  almost  all  the  British 
isles.  These  triangles  are  again  filled  up  by  smaUor  ones.  By  this  means  the  situ- 
ations of  ail  the  principal  objects  are  ascertained,  including  their  latitudes,  longitudes, 
bearings,  and  distances  from  the  meridian,  and  perpendiculars  to  that  meridian,  with 
the  heights  of  the  several  grand  stations,  and  other  remarkable  hills,  &c.,  besides 
scientific  information  concerning  the  measurement  of  the  degree  in  this  country.  In 
a  short  time,  then,  a  skeleton  map,  as  it  were,  of  the  whole  kingdom  will  be  accom- 
plished ;  however,  in  that  part  already  completed,  the  surveyor  will  find  bases  already 
measured,  and  objects  intersected,  from  which  he  can  find  no  difficulty  in  surveying 
or  filling  up  a  district,  however  large.  The  public,  besides,  being  possessed  of  such 
a  valuable  work,  derive  another  advantage ;  maps  are  constructed  on  the  basis  of  the 
trigonometrical  survey,  and  regularly  published  at  the  Tower  of  London,  by  the  same 
gentlemen  under  whose  direction  the  various  branches  of  such  a  laborious  undertak- 
ing are  performed.  These  maps  are  published  in  lai^ge  districts,  on  a  scale  of  one 
inch  to  a  mile ;  and  being  constructed  on  trigonometrical  principles,  they  have 
attained  the  greatest  degree  of  perfection  in  respect  to  accuracy,  besides  their  supe- 
rior beauty  of  engraving.  To  a  skilful  surveyor  this  work  may  be  termed  an  invalu- 
able treasure,  llie  general  method  of  procedure  will  be  given  in  a  subsequent  part 
of  this  work,  under  the  title  of  "  Trigonometrical  Surveying  and  Levelling."  (See 
Plate  XXIX.) 
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A  person  who  nndertakes  the  survej  of  a  county  is  apt  to  ima^ 
gine,  that  to  measure  his  base,  and  take  his  angles  with  expensive 
instruments,  calculating  his  triangles  by  logarithms,  by  which 
means,  laying  down  the  objects  by  their  distances  instead  of  pro- 
tracting diem  by  their  angles,  &c.,  will  take  more  time  and  ex- 
pense than  the  advantage,  if  any,  that  may  accrue  from  his  per- 
formance will  compensate  for.  It  is  perhaps  more  on  this  account 
than  any  other,  that  the  proper  method  has  seldom,  till  govern- 
ment took  it  in  hand,  been  pursued — and  of  course  the  reason  why 
most  of  our  maps  are  so  erroneous— and  though  some,  in  the  course 
of  various  editions,  get  rid  of  the  most  glaring  errors,  the  skeleton, 
or  boundary  work,  often  remains  the  same.  However,  in  the  few 
remarks  (elucidated  by  example)  I  have  to  make',  I  will  attend  as 
much  as  possible  to  the  advantage  of  the  surveyor  as  to  the  accu- 
racy of  his  work. 

First,  I  would  advise  the  surveyor  to  make  himself  well  ac- 
quainted vrith  the  district  or  county  he  is  about  to  survey.  This 
may  be  effected  by  riding  or  walking  over  it  in  various  directions 
with  a  person  well  informed  of  every  particular  part.  By  this 
means  the  names  of  the  several  towns,  villages,  seats,  hills,  and 
other  remarkable  objects,  may  be  obtained,  which  will  prove  of  the 
most  essential  service  in  the  progress  of  the  survey.  Being  pos- 
sessed of  this  previous  information,  the  surveyor  wUl  be  enabled  to 
choose  a  proper  piece  of  ground  whereon  to  measure  a  base ;  he 
will  also  be  acquainted  with  the  names  of  objects  he  sees  at  a  dis- 
tance from  any  of  his  stations.  Having  measured  a  base  of  a  con- 
venient length,  bearings  must  be  taken  from  its  extremities,  &c., 
all  round,  by  this  means  intersecting  every  object  of  note  with  at 
least  three  or  four  intersections.  Those  objects  being  accurately 
determined  with  regard  to  situation,  bearings  must  be  taken  from 
those  that  will  be  convenient  for  stations,  to  the  former  objects,  and 
to  as  many  more  of  note  as  may  appear  in  view.  The  surveyor 
may  find  it  convenient  to  measure  the  turnpike  roads,  &c.,  as  he 
goes  on ;  and,  by  this  means,  make  use  of  his  stations  in  the  roads, 
to  intersect  objects  also.  Tliis  will  be  more  clearly  comprehended 
by  an  example. 

Measure  a  base  line,  with  your  chain,  of  a  convenient  length,  as 
accurately  as  you  possibly  can ;  but  in  order  to  have  the  utmost 
certainty  of  such  accuracy,  it  will  be  proper  to  measure  the  base,  at 
least  two  or  three  times  over,  in  a  contrary  order.  Having  thus 
completed  it,  suppose  its  length  400  chains,  or  5  miles,  as  in  Plate 
XVI.     Being  provided  with  a  good  theodolite,  which  ought  to  be 
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at  least  6  or  7  inches  diameter,  divided  to  20"  or  ICV',  to  take  the 
principal  bearings  with,  (as  for  the  road  surveying,  an  instrument 
divided  into  every  minute  will  answer  all  the  purpose  of  one.larger,) 
plant  the  theodolite  at  the  eastern  extremity  of  the  base,  and,  hav- 
ing levelled  it  exactly,  which  must  be  carefully  done  at  eveiy  sta- 
tion you  intend  taking  principal  bearings  from,  take  a  bearing 
to  the  windmill,  and  a  circle  of  bearings  all  round ;  repeat  the 
bearing  to  the  windmill ;  should  it  answer  to  what  it  was  formerly, 
it  proves  the  instrument  has  not  shifted. 

The  theodolite  is  then  to  be  removed  to  the  west  end  of  the  base 
line.  To  put  the  instrument  in  the  same  position  it  was  at  the 
east  end,  the  surveyor  must  be  very  attentive  to  observe  what  was 
the  bearing  from  tiie  east  to  the  west  extremity,  viz.  270®,  from 
which  must  be  subtracted  180®;  there  remains  90"";  set  the  index 
on  the  limb  over  90^  ;  turn  the  head  of  the  instrument  round,  tiU 
you  see  the  mark  left  at  the  east  end;  when  the  mark  and  the  cross 
hairs  in  the  telescope  is  seen  to  coincide,  screw  the  instrument  fast ; 
take  first  a  bearing  to  the  windmill;  if  it  answers  to  270°,  it  is 
right  as  to  the  line ;  then  commence  taking  your  observations.  In 
the  following  page  is  the  field-book,  pointing  out  the  bearings  taken 
from  both  ends  of  the  base.     (See  Plate  XYI.) 


OB8BRVAT10N8  TAKBN   FROM  THE 
BAST  BND. 


WindmiU, 


L 


High  Pike, 
ParkhouBe, 
TorahiU,      . 
WindhiU,    . 
Dunscaim,  . 
Red  Church  ft 
John's  Church. 


270.00 
278.00 
290.00 

293.80 

299.48 
303.86 
310.40 
817.80 
838.24 
343.48 
853.06 
18.48 
84.54 
90.00 
134.36 
197,30 
238.40 
254.00 
255.30 

265.80 


The  base. 
Old  Church. 
Billonhouse. 

ICatcraig  & 
Davieston. 
Haggs  Castle. 
Pease  Cairn. 
Usie  Church. 
Broad  Cairn. 
Tomkins. 
High  Pen. 
Tippet  Law. 
HuntorshilL 
Wardlaw. 
Higham  Ch. 


OBSBRVATIONS  TAKBN   PROM  THB 
WBST  BNO. 


Higham  Ch., 

Wardlaw,     . 
Huntershill, 
Tippetlaw,   . 
Tomkins  and 

High  Pen  in 

aline, 

Haggs  Castle, 
Broad  Cairn, 
Pease  Cairn, 
Davieston,    . 
Old  Church, 
Windmill,    . 


90.00 

81.36 
66.40 
48.86 

42.00 

23.30 

19.50 

847.00 

880.30 

315.00 

270.00 

94.00 

97.50 

111.36 

117.48 

125.12 

189.48 

237.00 

90.00 


!And  mark 
at  east  end. 


Red  Church 
High  Pike. 
Parkhouse. 
Dunscaim. 
TorahilL 
Windhill. 
StJohn*sCh 
High.  Ch. 


iContimied, 
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TABLE  eoiUinued, 


DI8TANCX8  ON  THB  BASE. 

Chaiiia. 

From  the  east  end  to  a  mark  at  a, 

60 

Crosses  a  brook  at,  . 

63 

Crosses  a  road  at^ 

110 

Byre  Loan. 

Crosses  a  road  at,     . 

180 

Crosses  a  road  near  lower  bridge, 

170 

Crosses  Till  river,     . 

200 

Crosses  road  at  Longlee  bouses. 
Crosses  road  at  Bednall  houses. 

222 

271 

Crosses  road  at  Todholes  houses, 

350 

West  end  of  the  base  line, 

400 

Or  five  miles. 

FIELD  NOTES  OF  THE  ROAD  MEASURED  ON  PLATE  XVI.  FROM  THE 

MARK  AT  a  TO  DAVIESTON. 


Road  goes  off,     . 

Road  goes  off;- 
Hillbead,    .    .    . 

Upper  bridge. 
Road  goes  off,     . 

Davieston,      .    . 

B«uings. 

frt>m  a  to  6 
do.    &  to  c 
do.    c  to  d 
do.   d  to  e 
do.    e  to  / 
do.    f  to  g 
do.    gtoh 
do.    A  to  i 
do.    i  to  h 
do.    h  to  I 
do.    I  torn 
do.  m  to  n 
do.  n  to  0 
do.    0  to  i> 

DManoas. 

Road  goes  off. 

Ussie  Town. 
Ussie  Village. 

Davieston. 

24.30 
801.80 
887.80 
818.80 
272.00 
255.80 
279.00 
811.80 
279.00 
265.24 
291.12 
814.24 
271.80 
248.48 

ChainB. 
29 
45 
88 
45 
50 
28 
54 
62 
38 
44 
37 
87 
35 
82 

FIELD  NOTES  OF  THE  MEASURE  OF  THE  RIVER  TILL,  FROM  No.  1 

TO  KING'S  SEAT. 

Opposite  Drembank, 
Opposite  Bridgend, 

BflMiORB. 

from  No.  1  to   2 
do.           2  to   8 
do.           3  to   4 
do.           4  to   5 
do.           5  to   6 
do.          6  to   7 
do.          7  to   8 
do.           8  to   9 
do.           9  to  10 
do.         10  to  11 

Distanon. 

Cockfield  House'at  86. 

Broadholm  at  88. 
Tillbank  at  24. 

17.00 
276.00 
242.80 
858.00 
248.48 
210.80 
884.30 

64.48 
840.30 

51.00 

ChaliiB. 
61 
68 
62 
61 
42 
57 
66 
45 
49 
68 

Use  the  some  method  in  protractmg  the  above  observations  as  is 
particularlj  described  in  page  94,  farm  of  TIpperty,  and  Bonnyton, 
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page  97 — ^wlth  this  difference,  that  those  famiB  were  laid  down  with 
a  Bemicirculdr  protractor  divided  into  180  degrees,  and  the  above 
must  be  protracted  with  a  circular  one  divided  into  360  degrees,  or 
twice  180  degrees,  according  to  the  division  of  your  theodolite. 
Should  the  surveyor  use  a  semicircular,  in  this  case  he  must  subtract 
180  from  the  amount,  and  the  remainder  will  be  the  bearing.  For 
my  own  part,  I  would  prefer  taking  the  bearings  with  an  instrument 
divided  into  twice  180  degrees,  as  it  saves  the  trouble  of  altering 
the  index  and  the  limb  on  the  theodolite,  when  it  is  removed  from 
one  station  to  another.  Besides,  two  or  three  verniers  can  be  used 
on  the  limb,  and  a  mean  taken  of  their  readings.  This  is  useful  when 
the  triangles  are  to  be  calculated  by  logarithms,  as  greater  accuracy 
is  thereby  attained.* 

To  protract  the  observations,  use  the  same  scale  by  which  you 
have  laid  down  the  bearings  on  the  base  line,  suppose  one  inch  to 
a  mile.  Should  you  not  use  a  protractor  of  your  own  making, 
prick  off  all  the  bearings  from  the  east  and  west  end  of  the  base,  as 
described  in  p.  94,  (Farm  of  Tipperty,)  and  draw  them  all  in  with 
a  black  lead  pencil ;  the  point  of  intersection  marks  the  distance  to 
the  stations  where  the  respective  bearings  are  taken ;  insert  the 
name  of  the  church,  house,  or  hill,  or  whatever  object  you  take 
your  bearings  to ;  let  the  same  be  done  with  all  the  other  inter* 
sections,  which  will  not  only  ascertain  the  horizontal  distance  from 
each  end  of  the  base,  but  the  distance  from  one  place  to  another. 
The  next  thing  to  be  done  is  to  go  to  one  of  the  intersected  objects, 
suppose  the  broad  cairn,  and  there  erect  the  theodolite ;  look  into 
the  field-book  for  the  bearing  to  the  broad  cairn,  which  was  317^ 
SO'  from  the  east  end  of  the  base ;  subtract  180""  from  it,  and  there 
remains  137®  30 ;  move  the  index  to  that  degree  and  minute  on 
the  limb,  and  turn  the  head  of  the  instrument  round  till  you  see 
through  the  telescope  the  conspicuous  mark  built  at  the  east  end 
of  the  base  line  where  you  began ;  then  screw  the  head  of  the 
instrument  fast  to  the  legs,  and  loosen  the  screw  a  little  that  holds 
the  telescope  and  arc  fast  to  the  limb ;  then  turn  the  telescope, 
and  take  a  range  of  bearings  from  the  broad  cairn,  the  same  as 
was  done  from  the  east  and  west  ends  of  the  base.  If  you  take 
bearings  from  it  to  all  the  places  you  know  you  had  bearings  to 
before,  when  they  are  protracted,  the  three  lines  will  meet  in  a 
point,  which  is  a  proof  that  your  first  intersection  to  those  places 

*  It  has  already  been  obeexred  by  the  editor,  page  91,  that  the  division  of  the  arc 
of  the  theodolite  into  860*  is  preferable,  in  extensive  geodetical  surveys,  to  one  of 
twice  180^  because  errors  and  uncertainties  are  thereby  avoided. 
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are  certain.  For  example,  the  bearing  to  Hunter's  Hill  is  IDS'", 
that  to  Tippetlaw  89°  30',  and  to  Pease  Cairn  266^  30'.  After 
protracting  those  bearings  from  the  broad  cairn,  should  they  meet 
in  a  point  with  the  former  observations,  you  are  certain  thus  far 
you  are  correct.  You  may  then  go  to  Hunter's  Hill,  or  any  of  the 
other  intersected  places  where  three  lines  meet  in  a  point,  taking 
another  range  of  bearings  all  round,  particularly  to  the  north  and 
east,  and  make  as  many  intersections  as  you  can ;  then  go  to  the 
Pease  Cairn,  and  take  another  range  of  bearings  to  the  north  and 
west.  After  having  subtracted  180°  from  266''  30',  the  remainder 
is  86''  30" ;  set  the  index  to  Se**  30^  on  the  limb,  and  turn  the  head 
of  the  instrument  round  with  both  hands  till  you  see  the  cross  hairs 
in  the  telescope  to  coincide  with  Hunter's  Hill.  Go  from  hill  to 
hill,  or  any  other  convenient  intersected  place,  where  three  or  four 
bearings  meet  in  a  point,  till  you  have  got  intersections  to  all  the 
principal  places  in  the  county.  By  using  a  protractor  of  your  own 
making,  you  will  very  much  facUitate  the  plotting,  as  every  bear- 
ing is  protracted  from  the  centre.  The  work  may  be  shortened  in 
a  great  measure  by  using  the  T  square  and  its  companion,  as  par- 
ticularly described  in  p.  82,  by  laying  the  chamfered  edge  upon 
the  centre,  and  the  degrees  and  minutes  of  the  bearings  you  are 
laying  off,  and  sliding  the  T  parallel,  by  the  help  of  its  companion, 
to  that  part  of  the  plan  you  are  laying  down  the  bearing  from.  In 
using  those  protractors  made  by  land-surveyors,  the  figures  de- 
noting the  degrees  are  only  supposed  to  be  inserted  with  a  black- 
lead  pencil,  which  is  easily  rubbed  out  when  the  bearings  and 
distances  are  all  laid  off.     See  Plate  III. 

From  what  has  been  said,  it  is  hoped  a  surveyor  will  find  very 
little  difficulty  in  laying  down  the  intersections  of  an  inland 
county. 

I  have  set  down  on  the  plan  the  base  line,  which  is  dotted  from 
one  end  to  the  other,  and  marked  where  roads  were  crossed,  and 
also  the  river  Till,  and  such  houses,  with  their  names,  as  are  near 
the  base.  After  having  protracted  all  the  bearings,  make  marks 
thus  0  where  the  black-lead  lines  intersect  one  another ;  which 
may  be  drawn  in  if  you  think  proper.  This  I  have  avoided,  in 
order  that  the  diagram  may  appear  less  complicated.  A  road  is 
also  measured  and  protracted  from  a  mark  left  on  the  base  line  at 
a  to  Davieston,  and  also  the  river  Till,  from  another  mark  where 
the  Till  was  crossed  to  the  village  of  Kingseat.  I  have  merely 
inserted  the  road  and  part  of  the  river,  to  give  the  surveyor  of  a 
county  a  notion  of  the  labour  he  may  expect  to  meet  with.     Some 
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surveyors  prefer  the  plain  table  in  filling  up  the  vacant  spaces  be- 
tween the  great  intersections,  as  they  can  draw  in  upon  the  table 
all  the  little  angles  and  distances  upon  the  spot,  which  indeed  saves 
much  time  in  plotting,  as  it  is  very  tedious  to  lay  down  the  bear- 
ings and  distances  widi  a  protractor  and  scale. 

In  surveying  the  roads,  the  best  method  that  a  surveyor  can 
adopt  is  to  measure  to  one  or  more  fixed  points,  as  the  road,  when 
plotted  with  those  points  at  its  extremities,  can  be  extended  to  the 
respective  points  from  the  same  scale  on  the  skeleton  work  of  the 
plan;  it  it  agree,  the  stationa  in  the  road  ought  to  be  pricked 
through,  and  the  sides  of  the  roads  formed,  leaving  the  ofisets,  &c. 
to  be  laid  down  on  the  fair  plan.  This  is  tlie  most  regular  method 
a  surveyor  can  adopt  in  any  survey  of  a  large  extent. 
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SECTION    SIXTH. 


MILITARY  SURVEYING. 


As  the  art  of  arranging  armies  in  order  of  battle,  regulating 
their  movements  in  such  a  manner  as  may  be  deemed  most  proper 
for  attacking,  defending,  or  retreating  with  the  greatest  possible 
advantage,  must  depend  in  a  great  measure  upon  a  perfect  know- 
ledge of  that  part  of  the  country  where  those  movements  are  to 
take  place,  surveying  and  sketdiing  ought  to  be  made  one  of  the 
most  essential  parts  of  a  military  education,  as  it  is  often  necessary 
to  sketch  the  ground  in  the  neighbourhood  of  an  encampment.  I 
have  inserted  a  military  sketch,  JPiate  XIX.  out  of  the  reach  of  an 
enemy.  The  ground  may  be  regularly  measured,  and  a  map  made 
of  the  some ;  when  otherwise  situated,  it  is  sometimes  paced. 

Although  this  work  does  not  require  so  much  care  and  attention 
as  other  surveys  where  the'content  and  area  is  required,  a  few  lines 
may  be  measured,  and  a  number  of  bearings  taken,  and  intersec- 
tions made  of  particular  points,  with  any  instrument  for  taking 
angles,  and  the  rest  of  it  sketched  in  by  riding  or  pacing  the 
ground.  The  plain  table  is  an  excellent  instrument  for  a  work  of 
this  kind,  particularly  as  everything  can  be  sketched  in  upon  it  on 
the  spot  in  better  proportion  than  by  the  eye.  It  cannot  be  ex- 
pected, that  a  person  belonging  to  the  army  can  take  theodolites  or 
plain  tables  along  with  him  to  the  field  of  battle ;  but  a  box  sex- 
tant, as  represented  on  page  71,  being  of  small  compass,  can  be 
easily  carried,  and  will  take  an  angle  with  great  exactness.*  There 
is  one  thing  very  necessary  that  an  officer  in  the  army  should  be 
well  acquainted  with :  he  may  know  how  to  lay  off  squares,  par- 
allelograms, &c.,  very  well  on  paper,  but  may  be  at  a  loss  to  do 
so  in  the  field.  The  sextant,  if  the  index  is  put  to  90**,  reflects  a 
perpendicular ;  the  optical  square  does  the  same.    We  shall  now 

*  The  prifimatic  compafls,  represented  on  pagQ  85,  wiU  also  be  found  very  useful 
in  making  military  sketches. 
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suppose  you  begin  at  A,  and  place  a  pole  there ;  then  go  to  any 
other  part  of  the  ground,  suppose  B,  and  measure  the  length  from 
A  to  B ;  stand  at  B,  and  look  through  the  sextant,  the  index  being 
at  90**,  and  cause  one  of  your  men  to  go  in  as  straight  a  line  as 
possible ;  if  you  cannot  see  him  at  first,  cause  him  to  move  to  the 
right  or  the  left  till  you  see  the  pole  at  A  and  the  man's  pole  to 
coincide,  which  will  be  exactly  perpendicular  from  B  to  C ;  mea- 
sure the  distance  to  C,  and  then  go  to  A;  then  measure  the 
same  distance  to  D  as  is  from  B  to  C,  which  forms  a  rectangular 
long  square  for  the  encampment.  With  the  sextant  take  an 
angle  from  A  to  Hill  Pike,  and  another  to  a  cairn  on  the  hill-top 
nearest  you ;  then  go  to  B,  and  take  an  angle  to  Hill  Pike,  and 
another  angle  to  the  cairn  that  you  observed  from  A  ;  next  go  to 
C,  and  take  an  angle  by  reflecting  the  pole  D  to  the  park  of  artil- 
lery ;  then  take  an  angle  by  reflecting  the  park  of  artillery  to  the 
fort.  The  angles  are  represented  on  the  sketch  by  dotted  lines, 
merely  to  show  where  they  were  taken  from.  Again,  take  an 
angle  by  reflecting  the  park  of  artillery  to  the  Jew's  farm.  The 
best  method  of  laying  those  angles  off  upon  the  sketch  is  with  a 
protractor  or  line  of  cords  (both  of  which  are  contained  in  a  case 
of  mathematical  instruments,)  and  where  the  intersections  meet 
is  the  distance.  The  other  parts  of  the  plan  may  be  all  done  by 
pacing,  and  other  parts  sketched  in  with  the  eye,  or,  if  necessary, 
assisted  by  the  prismatic  compass. 

The  following  table,  for  reducing  the  common  pace  of  2^  feet 
into  feet,  will  be  found  convenient  in  laying  off  the  distances  upon 
the  sketch. 


Faces. 

Ft.  In. 
2.6 

Paces. 

Feet 

75 

Paoee. 

Feet 

PAces. 

Feet 

Paces. 

Feet 

1 

1 

30 

230 

575 

430 

1075 

630 

1575 

2 

5.0 

40 

100 

240 

600 

440 

1100 

640 

1600 

3 

7.6 

50 

125 

250 

625 

450 

11-25 

650 

1625 

4 

10.0 

60 

150 

260 

650 

460 

1150 

660 

1650 

5 

12.6 

70 

175 

270 

675 

470 

1175 

670 

1675 

6 

15.0 

80 

200 

280 

700 

480 

1200 

680 

1700 

7 

17.6 

90 

225 

290 

725 

490 

1225 

690 

1725 

8 

20.0 

1  100 

250 

300 

750 

500 

1250 

700 

1750 

9 

22.6 

1  110 

275 

310 

775 

510 

1275 

800 

2000 

10 

25.0 

120 

300 

320 

800 

520 

1300 

900 

2-250 

11 

27.6 

130  325  1 

330 

825 

530 

13-25 

1000 

2500 

12 

30.0 

140 

350 

340 

850 

540 

1350 

2000 

5000 

13 

32.6 

1.50 

375 

350 

875 

550 

1375 

3000 

7500 

14 

35.0 

lf)0 

400 

360 

900 

560 

1400 

4000 

lOOOO 

15 

37.6 

:  170 

425 

370 

925 

570 

1425 

5000 

12500 

16 

40.0 

180 

450 

880 

950 

580 

1450 

6000 

15000 

17 

42.6 

190 

475 

390 

975 

590 

1475 

7000 

15500 

18 

45.0 

200 

500 

400 

1000 

600 

1500 

8000 

20000 

19 

47.6 

210 

5*25 

410 

1025 

610 

1525 

9000 

20500 

20 

50.0 

1 

220 

1 

550 

420 

1050 

620 

1550 

10000 

25000 
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The  sketch  is  frequently  drawn  in  with  pen  and  ink  in  a  rough 
manner,  but  so  as  eveiything  can  be  easily  read,  and  all  the  diffe- 
rent characters  perfectly  understood.  Forts  and  fortified  towns 
are  represented  as  on  the  sketch,  the  outline  of  which  is  generally 
made  bold,  and  the  buildings  shaded  with  red,  or  dark  with  Indian 
ink,  according  to  fancy.  Batteries  are  of  various  kinds — viz.,  bat- 
teries with  embrasures,  batteries  en  barbette^  masked  batteries, 
where  the  cannon  are  placed  behind  hedges,  &c.,  mortar  bat- 
teries, and  open  batteries.  The  embrasures  are  represented 
showing  the  breast  work,  which  is  shaded ;  and  the  place  left  white 
is  where  the  cannon  are  placed.  In  batteries  en  barbette  the  guns  or 
howitzers  fire  over  a  breastwork  ;  mortar  batteries  have  a  breast- 
work, and  the  number  of  guns  they  contain  is  expressed  by  small  circles 
behind  the  breastwork ;  an  open  battery  has  no  breastwork,  and 
is  represented  on  the  sketch  with  one  stroke  and  two  shorter  ones 
on  each  side,  to  represent  a  cannon :  an  ahattia  is  represented  by  a 
quantity  of  trees  laid  down  and  securely  fixed  before  cannon,  with 
their  branches  outwards,  to  keep  off  an  enemy ;  paUisades  are 
represented  by  vertical  strokes^;  fraises  are  represented  by  smaQ 
strokes  laid  horizontally  before  a  battery ;  a  chevaux  de  frtze  is 
represented  by  a  line  drawn  across  a  river  with  oblique  crosses. 
Troops  of  infantry  are  represented  in  small  parallelograms  crossed 
by  a  diagonal,  the  one  half  shaded  dark  and  the  other  left  light ; 
the  light  part  is  sometimes  coloured  according  to  the  colour  or  uni- 
form of  the  regiment.  Cavalry  troops  are  likewise  represented  by 
parallelograms,  but,  for  the  sake  of  distinction,  are  commonly  made 
broader  than  infantry  troops.  Encamped  troops  are  represented 
the  same  way ;  but  in  place  of  erecting  the  standards  upon  the 
front  line,  they  are  placed  at  a  little  distance  before  it.  Park  of 
artillery  is  described  by  a  square,  crossed  by  two  diagonals,  one 
half  shaded  and  the  other  half  left  white  ;  its  front  is  shown  by  a 
strong  line.  The  evolutions  of  troops  are  represented  by  dotted 
lines  and  arrows,  representing  the  way  they  are  moving  and  march- 
mg. 

From  what  has  been  said  with  regard  to  makmg  out  a  military 
sketch,  an  inspection  of  the  plate  will  greatly  assist  the  surveyor 
in  becoming  acquainted  with  the  characters.  The  plate,  containing 
'^  Signs  and  UlustrationB  of  Modem  Fortification,"  will  also  be 
instructive  on  this  subject. 
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MILITARY  PLANS,  &c. 


SIDES  AND  ANGLES  OF  A  REGULAR  FORTIFICATION. 


PBMTAOON. 

HEXAGON. 

FathoDM. 

FMhonuu 

1.  S  =:  Exterior  side, 

180.00 

1.  S  »  Exterior  side,  . 

180.00 

2.  R  =s  Radius  of  exterior  side,    153.12 

2.  R  =  Radius  of  exterior  side,    180.00 

S.  0  =  Interior  Bide,    . 

122.78 

3.  f  =  Interior  side,   . 

134.54 

4.  r  =>  Radius  of  interior  side,    104.44 

4.  r  »  Radius  of  interior  side,    134.54 

5.  K  =  Capital  of  bastion, 

48.68 

5.  K  a=  Capital  of  bastion. 

45.47 

6.  N  =  i  S  »  normal  or  perp'.,      30.00 

6.  N  =  ^  S  s  normal  or  perp'.,      30.00 

7.  C  ss  Curtain,  . 

56.29 

7.  C  »  Curtain, 

56.29 

8.  F  =  Flank,      . 

21.00 

8.  F  »  Flank,     . 

21.00 

9.  B  =  Face  of  bastion  » 

iS=:    60.00 

9.  B  B  Faoe  of  bastion  = 

}Ss*    60.00 

10.  D  s  Line  of  defence, 

124.54 

10.  D  «  line  of  defence, 

124.54 

1 1.  G  =3  Demigorge  of  bastion,        33.25 

1 1 .  G  ai  Demigorge  of  bastion,        39.1 3 

12.  <i  »  Main  ditch,      . 

13.55 

12.  d  »  Main  ditch,      . 

13.55 

ANGLES. 

ANGLES. 

o        /       u 

o         /         ■ 

13.  Angle  of  the  Centre, 

72     0     0 

13.  Angle  of  the  Centre, 

60    0    0 

14.            „          Polygon, 

108     0     0 

14.            „          Polygon, 

120    0    0 

15.            „         Curtain, 

103  35  58 

15,            „          Curtain, 

103  85  58 

t6.            „         Shoulder, 

122    2    5 

16.            „          Shoulder, 

122    2    6 

1 7.  Angle  of  Bastion, 

71     7  46 

17.  Angle  of  Bastion, 

83  17  46 

18.  Diminished  Angle, 

18  26    7 

18.  Diminished  Angle, 

18  26    7 

19.  Exterior  Flanking  Angli 

B,  143    7  46 

19.  Exterior  Flanking  Angl 

e,  143    7  46 

BAYBUN. 

BATBUN. 

Fathoma. 

FMhoooa. 

20.  Face  in  »  B  »  }  S, 

60.00 

20.  Faoe  »  B  »  |  S,     . 

60.00 

21.  Capital, 

56.80 

21.  Capital, 

56.80 

22.  Demigorge, 

39.00 

22.  Demigorge, 

39.00 

23.  Ditch,       . 

10.32 

23.  Ditch,      . 

10.33 

ANGLES. 

ANOLBS. 

O          /          M 

e      /      a 

24.  Angle  of  Rayelin, 

77  46  52 

24.  Angle  of  Rayelin, 

77  46  52 

25.  Angle  of  Shoulder, 

66     7  16 

25.  Angle  of  Shoulder, 

66    7  16 

26.  Angle  at  Gorge, 

149  58  36 

26.  Angle  at  Gorge, 

149  58  86 

Note. — In  many  examples  of  modern  fortification  the  face  of  the 
ravelin  is  about  ^  S  «  80,  instead  of  60  fathoms,  which  renders  the 
ravelin  very  large,  thus  extending  its  faces  so  as  to  cut  when  pro- 
duced the  face  of  the  bastion  considerably  distant  from  the  shoul- 
der, such  as  about  3  or  4  fathoms.  It  would  be  as  well  to 
strengthen  the  fortification  by  additional  works. 

To  these  may  be  added  tenailles  in  the  main  ditch,  with  three 
faces,  as  in  the  modem  system,  or  with  a  convex  semicireular 
middle  division,  casemated,  if  thought  desirable,  and  mounted  with 
heavy  guns  to  flank  the  main  ditch,  and  a  caponni^re  reaching  to 
within  ten  or  twelve  feet  of  the  gorge  of  the  ravelin.  A  traverse 
may  also  be  placed  across  the  ditch  of  the  ravelin  near  the  shoul- 
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der,  with  a  passage  or  crotchet  cut  out  of  the  counterscarp,  at  the 
entrant  places  of  arms,  to  defend  it  either  by  great  or  small  arms. 

fiedoubts,  circular  or  otherwise,  may  be  placed  in  the  bastions 
and  ravelins,  and  similar  redoubts  in  the  places  of  arms,  the  arcs 
extending  from  the  counterscarp  of  the  main  ditch  to  that  of  the 
ravelin.  Detached  redoubts,  or  advanced  lunettes,  may  also  be 
placed  at  a  short  distance  from  the  extremities  of  the  salient  angles 
of  the  glacis  opposite  the  ravelins,  or  counterguards  of  the  bastions 
accessible  by  covered  ways  from  the  works. 

In  square  redoubts  or  forts  the  perpendicular  is  generally  taken 
at  one-eighth  of  the  side — that  is,  much  less  than  in  large  forts  of 
numerous  sides — ^in  order  to  afford  internal  accommodation. 

The  covered  way  surrounds  the  whole  works.  It  is  generally 
5  fathoms  wide,  with  traverses  from  the  counterscarp  to  the  glacis, 
in  the  shape  of  parapets  with  palisades,  opposite  and  parallel  to  the 
faces  of  the  bastions  and  ravelins  at  the  salient  places  of  arms,  and 
also  perpendicular  to  the  counterscarp  at  the  entrant  places  of  arms 
at  least,  with  one  or  more  intermediate,  if  thought  necessary. 
There  are  passages  cut  in  the  glacis  round  the  exterior  ends  of  the 
traverses  called  crotchets,  or  sometimes  en  crematlltire.  The  salient 
places  of  igrms  are  formed  by  the  circular  part  of  the  counterscarp, 
and  by  the  prolongation  of  the  adjacent  branches  of  the  covered 
way.  The  entrant  places  of  arms  have  demigorges  along  each 
adjacent  counterscarp  of  about  25  fathoms,  witji  faces  of  30 
fathoms  when  they  have  a  redoubt  within  them.  These  redoubts 
may  advantageously  be  made  circular,  with  a  radius  of  20  fathoms 
from  the  counterscarp  to  counterscarp.  The  cavaliers  in  the  bas- 
tions might  also  occasionally  be  complete  circles,  in  order  to  be 
fully  enclosed,  and  have  a  commanding  fire  in  all  directions. 
Coupures  are  made  from  the  cavalier  up  to  the  scarp  of  the  flank, 
but  not  through  it,  so  that  in  a  siege  the  breach  in  titie  face  of  the 
bastion  may  be  easily  cut  off.  The  parapets  of  all  the  salient 
angles  might  be  made  internally  circular,  to  permit  of  a  direct  fire 
in  their  front. 

The  crest  of  the  glacis  rises  about  8  feet  above  the  covered  way, 
to  afford  protection  to  the  troops  assembled  in  it.  There  is  close  to 
the  glacis  a  banquette,  rising  to  within  4^  feet  of  its  crest,  to  enable 
the  troops  to  fire  along  its  inclined  plane,  extending  towards  the 
country  for  about  60  or  80  fathoms,  thus  falling  at  the  rate  of 
nearly  1  in  50,  and  effectually  prevents  the  scarps  of  the  works 
from  being  seen  by  an  enemy.  These  remarks  are  generally 
applicable  to  fortifications,  though  there  are  considerable  variations 
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in  the  works  of  different  engineers,  according  to  their  different 
opinions  in  various  circumstances,  of  which  they  must  endeavour  to 
form  a  just  and  competent  opinion. 

Plate  XX.  gives  a  general  view  of  military  signs,  and  the 
common  expressions  used  in  fortifications  and  artillery. 

The  first  given  is  composed  of  bastions  and  ravelins,  or,  as  they 
are  sometimes  called,  demilunes.  The  lunettes,  however,  are  wanting) 
either  as  attached  to  the  bastions  or  ravelins,  or  in  advance  of  the 
works.  The  traverses  are  also  wanting  in  the  covered  way  as  well 
as  the  sally  ports,  with  perhaps  one  exception,  in  a  bad  position, 
while  the  rampart  and  terre-pleine  of  the  rampart  are  reversed. 
There  is  perhaps  enough,  however,  to  give  the  general  reader  a 
tolerably  correct  view  of  the  principles  of  fortification. 

In  the  preceding  tables  the  shoulder  of  the  ravelin  is  determined 
by  producing  the  flank  to  the  counterscarp  of  the  main  ditch, 
rounding  off  the  rev^tement  in  a  semicircle,  forming  a  small  orillon, 
and  thus  protecting  the  guns  in  the  flank  completely. 

Plate  XXI.  illustrates  the  siege  of  San  Sebastian,  and  exemplifies 
the  mode  of  placing  batteries  in  the  attack  of  places,  as  .well  as  the 
saps  and  lines  of  approach,  while  its  execution  will  afford  a  good 
specimen  of  military  shading  and  finishing  such  plans. 

Finally,  Plate  XXII.  will  furnish  the  young  engineer  with  an 
example  of  the  method  of  giving  plans  of  battle-fields.  It  exhibits 
the  arrangements  of  one  of  the  greatest  of  our  captains  in  over- 
throwing his  talented  rival,  and  may  be  advantageously  considered 
by  our  military  engineers  in  the  discharge  of  that  portion  of  their 
duty. 

MARINE  SURVEYING. 

1.  Marine  surveying  is  the  art  of  delineating  coasts,  bays,  and 
harbours.  It  requires  a  knowledge  of  the  methods  generally 
employed  in  determining  the  latitudes  and  longitudes  of  essential 
and  important  stations,  the  variation  of  the  compass,  and  the  depths 
of  the  channels  at  low-water  in  spring  tides,  together  with  the 
times  of  high-water  at  new  and  full  moon,  generally  called  the 
establishment^  and  the  rise  of  the  tides  at  syzygies  and  quadratures. 
The  relative  positions  of  the  most  important  points  within  the 
limits  of  the  survey  are  first  accurately  fixed  trigonometrically, 
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from  an  extensive  base  carefully  measured,  and  haying  a  known 
inclination  to  the  meridian.  At  the  extremities  of  this  base  nume- 
rous angles  are  observed,  with  a  good  theodolite  or  circle,  intersect- 
ing all  the  more  essential  positions  and  most  remarkable  points, 
which,  when  necessary,  must  be  rendered  conspicuous  by  piles  con- 
structed, or  staves  erected  expressly  for  this  purpose.  The  inter- 
mediate parts  are  next  delineated  by  the  aid  of  the  surveying 
compass  and  chain,  and  the  more  minute  and  less  important  fea- 
tures are  usually  sketched  by  the  eye,  and  afterwards  transferred 
to  their  proper  places  on  the  chart. 

2.  The  chart  most  generally  employed  for  this  purpose  is  that  of 
Mercator,  especially  if  the  extent  of  the  survey  be  somewhat  con- 
siderable. When  limited  to  a  small  portion  of  a  coast,  or  to  a 
single  bay  or  harbour,  the  plane  chart  is  frequently  used.  The 
fibrst  is  constructed  from  a  table  of  meridian  parts,  contained  in  all 
books  on  navigation.  Those  of  Qarrard  and  Mendoza  Rios  are 
the  most  extensive  and  accurate,  being  carried  to  two  places  of 
decimals.  Thes^  meridian  parts  may  also  be  computed  by  the  for- 
mula given  in  another  part  of  this  work  to  a  given  eUipticity  of  3^ 
as  the  chart  will  then  be  more  in  accordance  with  the  real  figure  of 
the  earth.  The  second  may  be  constructed  with  sufficient  accuracy 
by  diminisliing  the  distances  between  the  meridians  in  the  ratio  of 
the  cosines  of  the  respective  latitudes,  or  more  accurately  by  the 
formula  involving  the  eUipticity,  in  a  different  part  of  this  work  on 
Trigonometrical  Surveying. 

3.  The  soundings  are  obtained  by  means  of  a  boat.  A  steam- 
boat, when  it  can  be  employed,  would  be  the  most  convenient  and 
efficient,  which  must  proceed  in  different  directions,  so  as  to  traverse 
completely  the  whole  of  the  space  within  the  limits  of  the  survey.  It 
would  contribute  to  accuracy,  especially  where  there  are  dangers 
from  sunken  rocks,  shoals,  and  sand-banks,  to  intersect  the  boat's 
position,  intimation  for  that  purpose  being  given  by  signal  from 
the  extremities  of  the  measured  base,  or  from  any  other  two  points 
well  determined  trigonometrically,  and  depending  upon  that  base. 
In  the  course  of  the  survey,  many  of  the  directions  in  different  parts 
of  this  work  must  be  kept  in  view,  and  acted  upon  according  to 
circumstances. 

4.  The  preceding  observations  relate  to  the  more  acciurate  kinds 
of  marine  surveying,  in  which  any  confidence  can  be  placed  in 
navigating  vessels  with  safety.  There  are,  however,  other  more 
easy,  though  less  accurate  methods  of  sketching  a  rough  plan  of 
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r.r"^ 


in  ^  ^^'^'^^^efi  be  useful  when  the  other 

10  S9^  ^k*'*!^       be  xtf*''ked  out  by  two  buoys,  and  the 

cfi^^I^^^t^  ^^rttn  of^  vessel  between  them  ascertained 

"^^J^t^^^S^^^  ^7  ^^  compass.     Two  surveying 

j^u0tf^  "^^^  ^  fbe  extremities  of  the  base,  and  their  distance 

0r  ^  ^y^^  approximately,  by  the  time  which  sound  takes 

^^^^gscc'^^^^one  to  the  other,  by  the  discharge  of  guns  in 

^^^ove  ^^'jfie  betffeen  seeing  the  flash  and  hearing  the  report 

^\    Jf^^^    ^^  in  seconds,  or  the  beats  counted  by  a  good 

c»r^^  ^e  distance  may  be  obtained,  nearly,  by  aUowing 

djro^^'^'^fyrone  second  of  time ;  and  the  angles  may  be  measured 

tJ^^^^fgjiij  azimuth  compass,  or  other  nautical  instruments. 

^/ r'fjj^  may  also  be  taken  when  coasting  along  shore,  especi- 

i)in  reference  to  new  countries,  when  no  better  method  can  be 

hteined-   The  survey  of  a  newly-discovered  island  may  be  accom- 

UAod  by  circumnavigating  it  with  a  boat,  and  recording  the  bear- 

h^  and  distances  all  round. 

fVom  these,  the  plan  and  area  may  be  ascertained,  by  some  of 
the  methods  explained  in  this  work. 
See  Plates  XXHI.,  XXIV.,  and  XXV. 


MARINE  CHARTS. 

1.  Seamen  often  prefer  a  graphical  construction  to  determine 
the  courses  and  distances  sailed  during  a  voyage ;  and  though  the 
conclusions  are  less  precise  than  those  by  calculation,  they  are, 
however,  more  easy,  and  sufficiently  accurate  for  general  practice, 
especially  as  the  exact  position  of  a  ship  can  be  determined  by 
celestial  observations  alone. 

It  is  therefore  necessary  to  construct  charts  on  which  these 
problems  may  be  performed  with  facility,  and  comparative  accuracy ; 
while  the  adjacent  shores,  rocks,  and  other  dangers,  may  be  also 
readily  seen  and  avoided ;  and,  at  the  same  time,  the  desired 
position  of  the  ship  may  be  secured.  The  most  convenient  chart 
for  these  purposes  is  that  of  Mercator.  In  this  chart  the  equator 
and  its  parallels  in  latitude  are  represented  by  parallel  straight  lines, 
at  unequal  distances,  arranged  according  to  a  given  law.  The  meri- 
dians are  also  represented  by  straight  lines,  perpendicular  to  them, 
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and  equidiatafU  from  each  other,  for  equal  degrees  of  longitude,  or 
degrees  of  the  equator.  In  this  way  the  chart  is  projected  in  a 
series  of  rectangles,  each  having  the  same  or  an  equal  base,  but 
whose  height  increases  with  the  latitude  in  such  a  manner  that  the 
ratio  between  a  degree  of  latitude  and  a  degree  of  longitude,  at 
any  latitude,  is  the  same  as  on  the  globe  itself.  Hence  the  bearing 
of  one  place  from  another,  on  this  chart,  is  also  the  same  as  on  the 
globe  itself,  and  this  constitutes  its  most  valuable  property  to  the 
practical  navigator. 

2.  This  dbart  is  constructed  in  the  following  manner: — Firsts 
let  the  extent  of  the  chart  in  latitude  and  longitude  be  determined ; 
and  secondly^  consider  what  scale  would  be  required  to  keep  the 
whole  within  proper  limits.  For  example,  let  it  be  required  to 
determine  the  outlines  of  a  chart  for  the  island  of  Great  Britain. 
A  little  consideration  will  snow  that  such  a  chart  will  require  about 
ten  degrees  of  latitude,  and  eight  degrees  of  longitude,  and  hence 
the  size  of  the  scale  for  the  given  limits  of  the  chart  can  be  readily 
chosen.    See  Plate  XXVI. 

Now,  draw  a  horizontal  line  for  a  parallel  of  latitude  passing 
through  the  lower  latitude  of  50"*  N.,  on  which  lay  off  8°  of  longi- 
tude from  the  scale  of  equal  parts  previously  selected.  Or  the 
scale  may  be  drawn  a  little  below,  and  parallel  to,  the  above  men- 
tioned horizontal  line,  and  properly  divided,  so  as  to  enable  the 
constructor  to  take  off  as  minute  divisions  as  may  be  required. 
Through  each  point  of  division,  or  as  many  of  them  as  may  be 
thought  necessary,  draw  perpendiculars  to  represent  the  meridians 
of  the  chart.  The  circles  on  the  globe,  parallel  to  the  equator,  are 
represented  by  perpendiculars  to  these,  but  having  intervals  pro- 
portional to  the  differences  of  the  meridional  porta  corresponding 
*to  each  latitude.  These  numbers  being  taken  from  a  table  of 
meridional  parts,*  or  computed  from  the  formula  given  in  another 
part  of  this  work,  either  for  a  sphere  or  spheroid,  their  successive 
differences  wiU  be  the  intervals  between  the  parallels,  in  taking 
for  a  scale  the  space  of  one  degree  of  longitude  divided  into  sixty 
equal  parts.  This  is  the  common  practice,  which  may,  however, 
be  perhaps  modified  occasionally.  Thus,  from  calculation  to  a 
spheroid  of  xiv  of  compression,  we  have  to — 

*  A  table  of  meridional  parts  is  given  to  every  degree  of  latitude,  on  both  the 
sphere  and  spheroid,  with  differences  for  interpolation,  in  a  suooeeding  part  of  this 
work. 
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Lftt. 

Mer.  Puts. 

SacDifEk 

Snc  Sums. 

In 

tDeg. 

50 

8456.91 

94.09 

94!09  = 

1 

34'.09 

61 

3551.00 

96.13 

190.22  = 

3 

10.22 

52 

3647.13 

98.33 

288.55  » 

4 

48.55 

53 

3745.46 

100.64 

389.19  = 

6 

29.19 

54 

8846.10 

103.10 

492.29  = 

8 

12.29 

55 

3949.20 

105.70 

597.99  = 

9 

57.99 

56 

4054.90 

108.50 

706.49  = 

11 

46.49 

57 

4163.40 

111.46 

817.95  = 

13 

37.95 

58 

4274.86 

114.63 

932.58  = 

15 

32.58 

59 

4389.49 

118.03 

1050.61 » 

17 

80.C1 

60 

4507.52 

1050.61 

Now,  after  having  divided  the  horizontal  line,  or  lower  parallel 
into  equal  parts  or  degrees  of  longitude,  and  each  degree  into  60 
equal  parts  to  represent  minutes,  this  scale  will  be  that  on  which 
we  must  take  94'.09  or  I''  34'.09.  This  being  set  off  from  50""  N.,  the 
first  parallel  assumed  in  this  chart,  towards  the  north,  will  give  that 
of  5V  N.  In  like  manner,  S"*  10'.22  being  set  off  agun  from  SO""  as 
before,  will  give  the  parallel  of  52",  and  this  process  continued  will 
^ve  the  position  of  all  the  parallels  within  the  designed  chart,  to  be 
ultimately  drawn  in  where  considered  necessary.  This  method  of 
proceeding  is  considered  preferable  to  setting  first  off  l"*  34'.09  to 
get  61%  and  then  from  61^  to  set  off  I'*  36'.13  to  get  62%  &c, 
because  any  error  committed  in  finding  the  first  point  is  naturally 
transferred  to  the  next  in  succession ;  whereas,  by  our  method,  the 
position  of  each  point  is  affected  by  its  own  individual  error  only. 

The  degrees  of  longitude  being  all  equal  to  one  of  the  divisions 
of  the  scale,  the  position  of  the  parallels  of  longitude,  or  rather 
meridians,  will  be  found  by  setting  off,  on  the  top  and  bottom  of 
the  diart,  as  many  of  these  as  wiU  extend  to  the  extremities  of  the 
chart;  on  one  or  more  convenient  places  of  the  chart,  are  put 
compasses  corresponding  to  both  the  true  and  magnetic  meridians,  by 
means  of  which,  the  bearing  of  one  place  from  another  may  be 
readily  found,  by  means  of  a  parallel  ruler  or  T  square,  and  its  com- 
panion, as  has  been  already  shown  in  the  articles  on  plottinir.  The 
Lan<;  between  any  iJo  places  n«.y  abo  be  eaSly  fo5nd  by 
extending  the  feet  of  a  pair  of  compasses  from  one  point  or  place 
to  another  on  the  chart,  and  this  extent  applied  to  a  scale  of  lati- 
tude on  the  side  with  one  foot,  as  much  below  the  smaller  latitude 
as  the  other  is  above  the  greater,  the  intercepted  number  of 


MARINE  SURVEYING.  293 

degrees  and  minutes,  converted  to  minutes,  will  give  the  distance 
in  geographical  or  nautical  miles,  of  6086  feet. 

The  variation  of  the  compass  at  the  different  points  within  the 
chart  must  be  determined  astronomicallj,  and  inserted  in  the 
proper  position ;.  the  times  of  high  water  at  new  and  full  moon, 
and  the  rise  of  the  tides  at  the  springs  and  neaps,  where  thej  are 
well  known,  or  have  been  determined.  These,  together  with  the 
principal  points  determined  astronomically  and  geodetically,  having 
been  all  inserted,  the  constructor  will  proceed  to  finish  his  chart, 
by  fiUing  in  the  coasts  and  contours  of  the  whole  from  actual 
survey,  as  explained  in  different  parts  of  this  work.  The  accom- 
panying chart  will  serve  as  an  example ;  but  the  Ordnance  maps, 
the  Admiralty  charts,  both  executed  in  this  country  and  in  France, 
may  be  consulted  with  advantage. 


CONICAL  PROJECTION  OP  MAPS. 

The  conical  projection  is  one  of  the  most  useful  and  accurate  for 
maps  of  a  kingdom  of  moderate  extent,  such  as  that  of  the  British 
Isles.  It  receives  its  name  from  the  supposition  that  the  terrestrial 
globe  is  enveloped  by  a  cone  tangent  to  the  circle  of  the  mean 
parallel  of  latitude  between  the  northern  and  southern  extremities, 
sensibly  coinciding  with  this  parallel  and  those  near  it  on  each  side, 
as  exemplified  by  S  A  B,  the  cone  touching  the  globe  E  P  Q/7,  in 
fig.  1.  This  cone  is  developed  on  the  plane  of  the  map,  in  the 
form  of  a  circular  section,  fig.  2,  in  which  the*  meridians  converge 
in  straight  lines  to  the  summit  of  the  cone  as  the  centre  of  the 
sector.  The  parallels  of  latitude  are  arcs  of  circles,  of  which  the 
vertex  of  the  cone  is  their  common  centre,  and  are  equally  distant 
for  equal  degrees  of  latitude. 

In  fig.  1,  let  E  Q  be  the  equator,  P  the  north  pole,^  the  south 
pole,  and  E  P  Qp  a  meridian  of  the  globe.  Then  let  E  A  be  the 
distance  from  the  equator  E  Q  to  the  parallel  A  a  B  =  Z,  the  lati- 
tude of  the  mean  pturallel,  ^AB=Ac=cos2  when  the  radius 
AC  =  1.  Let  I)  be  the  number  of  degrees  of  longitude  con- 
taiaed  in  the  map,  and  let  S  designate,  in  degrees,  the  angle  A  SB 
at  the  vertex  of  the  developed  section  in  fig.  2.  Then  will  A  B 
equal  the  development  of  D  degrees  of  the  circumference  of  the 
circle  of  which  Ac,  in  fig.  1,  is  tihe  radius.  Now,  as  is  generally 
done,  putir  =  3.141593  the  circumference  of  a  circle  to  diameter 
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=  1,  or  the  semidrcomference  to  radius  =1.     If  the  length  of  an 


XL 

P          \ 
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C            _^^^ 
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o 

o 


FIS.  2. 

8 


H^-T- 

\ 

Zlin  i' 

•  ll 

Jl  1^ 

X'd^ 

r          ( 

I 

arc  of  a  circle,  equal  to  the  radius  in  degrees  be  denoted  by  R"", 
&c.,  then 


10800' 


R'      = 


R '     = 


648000 


ff 


log.  =  1.7581226 
=  3437'.74677  log.  =  3.5362739 
=      206264".80625    log.     =     5.3144251 


numbers  of  great  use  in  various  calculations,  as  is  frequently  shown 
in  the  course  of  this  work. 

From  fig.  1  may  be  readily  derived — 


180'':9r  xA<;::D*:AB  the  length  of  the  required  arc, 

Orl80':irco8    /  :  :  D* :  !^-^^  =  -^-    x  D  cos  /  =  AB  . 

180*  180** 

the  developed  length  on  the  mean  arc  of  the  sector. 
But  in  the  triangle  SAC,  fig.  1,  S  A  =  tan  AG  S  =  cot  /, 


(1.) 


therefore  180** :  <r  cot  /  :  :  S  : 


180 


X  Soot/  =  AB 


(2.) 


Equating  theee  two  values,  we  have,  after  striking  out  the  common 

factory  ■  ^ 
*   180^ 
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D  COB  /  =  S  cot  / 

mi       •       n       «»v  COB  *       _,         ,      sin  '       -V    .     ,  ,_  V 

Therefore  S  «  D -,  «  D  cos  /  x  .  =  D  sin  /  .         .         (3.) 

cot  I  cos  /  ^    ^ 

Thus  we  form  an  angle  MSN,  fig.  2,  of  as  many  degrees  as 
there  are  of  longitude  required  in  the  map,  and  we  shaJl  then  have 
the  angle  S  of  the  developed  segment.  Next  S  A  must  be  taken 
equal  to  cot  Z,  which  will  give  the  radius  of  the  arc  representing 
the  mean  parallel.  Afterwards  there  must  be  set  off  in  a  straight 
line  from  A  to  M  and  m,  the  developed  lengths  of  the  meridian 
E  A  P,  between  the  limits  of  the  extreme  latitudes.  .  If  the  map 
should  contain  d  degrees  of  latitude,  Mm  will  be 

^    andthelengthAM  =  Am=:-— =-4-  =  irfarcr  =  30'rf. 


180°,  "  360°       2R* 

in  minuteB.  .......    (4.) 

1^  being  its  assiuned  length  in  latitude  on  the  scale  selected  for  the 
map. 

Now  dividing  A  M  and  Am  into  as  many  parts  in  p  and  q  as 
may  be  required,  we  describe  through  these  points  of  division  from 
the  centre  S  arcs  forming  the  parallels  of  latitude,  while  the  meri- 
dians are  straight  lines  drawn  from  the  centre  S,  and  passing 
through  the  equal  divisions  on  the  arc  A  B. 

For  countries  near  the  equator,  however,  the  centre  S  beccmies 
too  distant  to  be  practicable.  In  this  case  Flamsteed's  projection 
may  be  employed,  in  which  the  central  meridian  is  first  drawn  in 
a  straight  line.  This  meridian  is  next  divided  into  degrees  or  less 
divisions,  through  which,  perpendicularly,  the  parallels  of  latitude 
are  drawn.  On  these  parallels,  divisions  conformable  to  the  con- 
vergence of  the  meridians,  according  to  their  respective  latitude,  are 
inserted.  These  operations  may  be  very  simply  effected  by  the 
aid  of  Table  XXV.  of  the  general  tables. 

If  the  numbers  in  the  colunm  titled  ^^  Minute  of  Longitude ''  be 
divided  by  100,  or  if  the  *3ecimal  point  be  movc^  two  places  to  the 
left,  the  result  will  be  a  degree  of  longitude  in  geographical  miles 
nearly. 

For  more  precision,  the  line  S  A,  in  figure  1,  is  sometimes  made 
to  cut  the  meridian  M.m  in  the  middle  of  Am  and  A  M,  or  at  one 
fourth  of  the  meridian  distance  from  either  of  it«  extremes.  This 
will  give — 

AS=       ^^'^  ,,         ....      (6.) 
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in  which  I  and  f  are  the  latitudes  of  the  two  points  where  S  A  cats 
the  meridian. 

To  applj  these  we  shall  select  the  British  Isles,  which  extend 
from  latitude  50^  to  60''  N.,  and  therefore  the  middle  latitude,  or 
that  of  the  mean  parallel,  A  B,  is  SS""  N.  Also,  including  Ireland, 
they  extend  in  longitude  fit>m  2^  E.  to  10"  W.,  and  therefore  in- 
clude 10**  of  latitude  and  12"  of  longitude,  that  is,  the  arc  Mm. 
equals  10%  and  AB  12\ 

Hence,  as  formerly  shown,  A  S  =  A  C  cot  2  to  radius  A  C  =  1. 
But  the  length  of  an  arc  equal  to  the  radius  is  57''.2957795,  there- 
fore A  S  =  57^2957795  cot  Z  =  R*'  cot  I. 

Now,  as  already  shown,  log  R''        ....         1.7681226 

/  =  ad**  log  cot  .  9.8452268 


A  S  =  40^.119  log  .         1.6033494 

Hence,  also,  AS+i  rf  =  40o.ll9  ±  5°  =  45°.119  and  35M19, 
the  lengdis  of  S  M  and  Sm  respectively,  therefore  the  radii  of  the 
mean  and  two  extreme  parallels  are  determined. 

By  formula  (3)  the  angle  A  S  B  in  figure  second  must  also  he 
found,  that  is,  S  =  D  sin  Z. 

Now  D  =  12°  of  longitude  I  =55®  N.  the  mean  parallel. 

Hence  /  =  56"^  log  sine        .....         9.9133645 
D  =  12°log  .....         1.0791812 


S  =  9^8298  log         ....  .         0.9925457 

These  values  of  A  S  and  S  have  been  here  computed  in  degrees, 
but  they  may  be  easily  converted  into  minutes  and  seconds  by  mul- 
tiplying successively  by  60,  or  by  using  in  the  computation  log  B' 
or  log  R'  respectively. 

To  complete  the  construction,  draw  two  straight  lines,  S  A,  S  B, 
figure  2,  making  an  angle  of  9''.8298,  or  9"*  50*,  with  each  other ; 
then  wiih/  S  as  a  centre,  and  40°.119  or  40''  7'  as  radius,  describe  the 
arc  A  B,  and  divide  it  into  twelve  equal  parts,  each  of  these  will  be 
1  degree  of  longitude.  In  like  manner  the  other  arcs  M  N,  fn  n, 
&c.,  may  be  described.  Divide  M  A,  Am,  each  into  five  equal 
parts,  each  of  these  will  be  1  degree  of  latitude,  and  it  is  obvious 
the  subdivision  in  both  cases  may  be  carried  to  minutes,  or  even 
seconds,  if  required. 

The  lengths  of  the  cords  joining  the  extremities  of  these  paral- 
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lels  of  latitudes  maj  also  be  computed,  if  thought  desirable  in 
peculiar  cases,  bj  the  formula 


k-=^2  sine  iS,  .  (7) 

or,       *  — «— 2475  ...        (8) 


in  which  k  is  the  cord  or  straight  line,  AB,  fig.  1,  a  the  length 
•of  the  arc  A  a  B,  and  r  the  radius  S  A.  Hence  such  maps  may 
be  readilj  constructed  with  ease  and  accuracy.  It  was  in  this 
manner  that  the  outline  map  exhibiting  part  of  the  tnangulation 
of  Scotland  was  constructed,  and  any  portion  of  the  whole  may  be 
readily  selected  or  cut  out,  as  the  part  defg^  fig.  2,  when,  as  in 
this  case,  it  becomes  necessary  to  retain  a  section  only. 

There  are  several  other  projections,  besides  the  above,  em- 
ployed in  forming  the  map  of  a  country,  particularly  a  modifica- 
tion of  Flamsteed's,  adopted  for  the  national  maps  of  France, 
whose  principles  are  fully  discussed  in  the  Topographie  of  Puissant 
and  the  Oeodesie  of  Francoeur,  which  may  be  advantageously  con- 
sulted. The  tables  of  Plessis  very  readily  compute  the  magnitude 
and  position  of  each  rectangular  portion,  but  our  limits  will  not 
permit  of  entering  upon  its  discussion  here. 


TRIGONOMETRICAL. SURVEY  OF  A  BAY. 

In  order  to  fill  in  properly  the  coasts  in  marine  surveys,  the  fol- 
lowing example  has  been  given,  in  which  the  base  was  measured 
with  the  chain,  and  the  various  angles  measured  with  a  theodolite 
or  sextant,  or  a  combination  of  both,  assisted  by  the  prismatic 
compass  occasionally  in  sketching  the  contours.  The  whole  is 
completed  and  delineated  on  Plate  XXY.,  which  will  enable  stu- 
dents of  surveying  to  follow  out  all  the  details  successfoUy. 

ObMnratiODi.  Sojoi.  180^— Sams. 

ABC  =  126  30  10  BAC  =    18  45  16  144  16  26  36  44  36  =  ACB 

ABD  =  101  46  30  BAD  =    36  60  30  138  36    0  41  24    0  =  ADB 

ABE  =  109  10  26  •  BAE  =48    6  40  167  16    6  22  43  66  =  AEB 

ABF  =    81  20  36  BAF  =68    3  20  149  23  66  30  36    6  ?=  AFB 

ABG  =    69  30  40  BAG  =    83  67  36  163  28  16  26  31  44  =  AGB 

ABH  =    60  42  16  BAH  =  102  30  44  163  12  69  26  47     1  =  AHB 

ABI   =    39  66  26  BAI   =    87  63  18  127  48  43  62  11  17  =  AIB 

ABK  =    12  31  60  BAK  =148     1  36  160  33  26  19  26  34  =  AKB 

The  base  AB  was  carefully  measured  with  a  hundred  feet 
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chwn,  and  found  to  be  6524.5  feet,  bearing  15'»  3©  20"  N.W.  true. 
The  variation  of  the  compass  was  28®  35*  W.  in  1836. 
Latitude  of  B,  55«  31'  56"  N.    Longitude  5^  T  30"  W. 

R«aiilts. 

Now  sin  ACB  85  44  35  cosec  0.233475 
Is  to  sin  CAB  18  45  15  ...  9.507192 
So  is  AB  6524.5  feet  3.814547 


To  BC  3591.0  log.  3.555214 

In  like  manner,  AC  =    9092.7  feet. 

AD  =    9659.0  BD  =    5915.7 

AE  =  15947.7  BE  =  12566.2 

AF  =  12670.6  BF  =  11887.9 

AG  =  13683.6  BG  =  14526.5 

AH  =  11205.2  BH  =  14135.5 

AI   =    5300.1  BI    =    8253.0 

AK=:    4252.6  BK  =  10379.4 

(See  Plate  XXV.) 

If,  therefore,  the  base  be  extended  indefinitely,  the  perpendi- 
culars falling  upon  it  may  be  calculated  and  set  off  from  an  appro- 
priate plane  scale,  to  determine  the  points  C,  D,  E,  F,  6,  H,  I, 
and  E,  as  in  Mr  Gale's  method  of  plotting,  shown  in  a  preceding 
part  of  this  work. 

Plate  XXVII.  wiU  give  the  hydrographic  engineer  an  example 
of  a  naval  attack  on  a  fortified  town,  with  arrangements  both  for 
defence  and  attapk.  Plate  XXVIII.  indicates  the  arrangement 
followed  in  naval  battles  by  one  of  the  greatest  of  our  national 
heroes,  and  may  be  submitted  as  an  instructive  example  of  that 
portion  of  a  marine  surveyor's  duty. 

Plate  XXIV.  is  the  plan  of  Kingston  harbour,  at  Dublin  Bay, 
and  will  show  the  method  of  planning  a  modem  harbour,  though 
the  field-book  is  not  given.  The  method  of  proceeding  is  exactly 
similar  to  that  in  Plate  VII.,  which  may  be  consulted. 

• 

Plate  XXm.  is  a  chart  of  part  of  the  sea-coast,  laid  down  from 
a  scale  of  one  inch  to  a  mile,  and  the  bearings  taken  with  a  theo- 
dolite divided  into  twice  180"^,  and  the  distances  measured  with  a 
Gunter's  chain  of  66  feet.  This  chart  will  give  a  surveyor  who  is 
employed  in  the  survey  of  a  county  some  idea  of  the  labour  in  a 
work  of  that  kind,  as  the  whole  coast  must  be  measured  and 
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planned,  as  represented  bj  dotted  lines  from  one  station  to  another; 
but  numerous  other  bearings  besides  those  on  the  stations,  includ- 
ing all  the  roads,  rivers,  brooks,  towns,  farm-houses,  and  all 
remarkable  objects,  must  be  inserted,  in  the  same  waj  as  repre- 
sented on  the  chart,  in  their  true  situations ;  and  all  inaccessible 
objects  must  be  intersected,  as  may  be  seen  by  examining  the 
chart.  For  instance,  take  bearings  from  station  5  to  Broad 
Island  at  a,  and  another  from  station  8  to  Broad  Island  at  a,  and, 
in  order  to  be  certain,  take  another  from  station  10  to  the  same 
place ;  do  the  same  to  all  other  inaccessible  objects  as  represented 
on  the  chart.  If  you  have  a  tolerably  long  base,  the  intersection 
of  two  lines  meeting,  if  not  too  acute,  may  be  trusted  to  church 
steeples,  gentlemen's  houses,  farms,  remarkable  trees,  windmills, 
&c.  &c.,  till  you  have  an  opportunity  of  checking  them  in  the 
course  of  the  survey.  To  get  an  idea  of  every  little  occurrence 
that  is  requisite  in  taking  the  survey  of  a  large  district  or  map  of 
a  county,  being  a  combination  of  the  various  branches  of  survey- 
ing, can  be  attained  only  from  a  consultation  of  the  whole  work. 
The  hills  are  generally  done  by  an  eye-sketch  upon  a  blank  comer 
of  the  field-book,  or  by  a  sketch  in  passing  them,  drawn  in  a  rough 
manner  in  the  blank  leaves  of  the  book ;  but  if  you  are  upon  a  hill, 
place  the  theodolite  so  as  the  index  and  the  limb  correspond  with 
the  needle  in  the  compass-box,  and  take  bearings  to  two  hills  you 
know,  and  sketch  in  their  likeness.  The  plain  table  is  an  excellent 
instrument  for  tins  purpose,  as  you  can  dcetch  in  the  likeness  of  a 
hill  in  truer  proportion  with  it  than  by  a  guessed  eye-sketch.  If 
you  prick  as  many  intersections  off  as  the  plain  table  sheet  will 
hold,  and,  when  you  plant  the  table,  lay  the  thin  edge  of  the  index 
upon  the  hill  you  are  upon,  or  any  other  hill  or  place  you  know, 
imd  turn  the  table  round  by  the  socket  upon  its  axis ;  the  needle 
will  play  over  the  Jleur'-de'lis  in  the  compass-box  if  you  have  laid 
the  meridian  line  of  the  great  triangles  parallel  with  the  longest 
side  of  the  plain  table. 

But  the  most  accurate  method  of  sketching  hills  is,  after  having 
plotted  a  part  of  your  plan,  trace  it  through  upon  oiled  paper;  and 
by  going  over  that  particular  part  of  the  country  represented  by 
the  plan,  you  may  sketch  in-  the  hills  from  point  to  point  with  great 
accuracy. 

This  is  the  field-book  of  the  survey  of  that  part  of  the  sea-coast. 
See  Plate  XXIII.  The  survey  was  begun  at  a,  and  bearings  and 
distances  measured  to  &,  c,  d^  6,  &c.  till  such  time  as  the  letters 
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were  aU  exhausted ;  recourse  was  tben  had  to  numbers,  firom  No. 
1  to  No.  17.  If  the  sonndiiigs  are  to  be  taken,  you  may  proceed 
in  yarious  ways.*  One  method  is  by  heaving  ont  the  log,  and 
noting  how  far  the  boat  sails  in  half  a  minute — ^the  boatmen 
having  got  previous  notice  to  row  as  equably  as  possible,  and  to 
sail  in  a  stndght  line  from  one  point  to  another.  Suppose  the 
log  run  out  20  fathoms  in  half  a  minute,  this  is  at  the  rate  of 
2400  feet  in  10  minutes,  or  36  (chains  36  links ;  so  that  if  a  sound- 
ing is  taken  every  10  minutes  you  prick  off  upon  the  chart  36 
chains  and  86  links,  and  insert  the  depth  upon  the  chart.  Again, 
if  you  take  another  depth  in  22  minutes  from  starting,  prick  off  80 
chains,  or  one  mile,  and  so  on  till  the  boat  crosses  the  bay. 

Another  method,  which  is  much  practised,  is  to  sail  in  a  direct 
line  from  one  point  to  another,  and  take  a  sounding  every  4  or  5 
minutes ;  measure  the  length  upon  the  chart,  and  divide  that  length 
by  the  number  of  soundings  that  are  taken,  suppose  5,  and  the 
distance  4  mfles.  Another  method  is,  by  ordering  the  boatmen  to 
keep  the  boat  steady,  and  take  a  bearing  with  a  sea  compass,  first 
to  one  place,  then  another  bearing  to  another  place,  both  places 
being  at  a  considerable  distance  from  one  another,  and  both  objects 
particularly  marked  on  the  chart ;  protract  those  bearings  from  the 
meridian,  and,  where  the  intersection  meets,  insert  the  sounding  at 
each  intersection  you  make  all  along  the  coast  and  middle  of  the 
bays. 

The  above  methods  are  all  liable  to  error,  although  they  are 
much  practised. 

A  better  method  is  by  placing  the  theodolite  at  any  part  of  the 
shore  where  you  had  a  station,  and  order  the  boatmen  to  sail  from 
one  point  to  another  in  a  direct  line ;  and,  when  a  sounding  is 
taken,  to  put  up  a  flag.  As  soon  as  you  take  a  bearing  to  it,  set 
down  the  hour  and  minute ;  the  assistant  in  the  boat  sets  down  the 
sounding,  and  the  minute  when  it  was  taken ;  the  same  is  done  at 
every  time  the  flag  is  put  up.  When  one  line  is  done,  another 
must  be  begun  in  a  different  direction,  and  so  on  with  several  other 
lines  till  one  bay  is  finished ;  then  remove  the  theodolite,  and  place 
it  upon  any  part  of  the  shore  where  you  have  a  good  view,  and 
give  the  boatmen  orders  to  sound  another  bay  in  the  same  way ; 
to  protract  the  soundings,  draw  a  black  lead  line  upon  the  chart  to 
represent  the  line  the  boatmen  sailed  on  from  one  point  to  another; 

*  The  depths  given  are  those  at  low  water  in  spring  tides.  The  xise  and  Ml  of 
the  tide  should  also  be  given,  or  the  heights  at  high  and  low  water.  See  a  subse- 
quent part  of  this  work. 
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FIELD-BOOK  or  a  Sobvet  of  a  Sea-coast. 
(Begini  at  the  bottom  of  the  page.) 
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then  lay  off  the  bearings  taken  to  the  flag,  which  will  cross  that 
line ;  then  observe  the  hour  and  minute  the  sounding  was  taken, 
which  will  correspond  with  the  time  you  took  the  bearing ;  set 
down  the  depth  of  water ;  do  the  same  with  all  the  other  lines  on 
which  the  boat  sailed  till  you  have  finished. 

When  you  cannot  sail  from  a  direct  point,  order  the  boatman,  at 
each  place  he  puts  up  his  flag,  to  put  himself  in  a  line  with  two 
objects  upon  the  land,  which  you  have  marked  upon  the  chart. 
Place  the  theodolite  in  the  best  situation  you  can  find,  that  the 
bearings  you  take  may  intersect  the  boat,  so  as  the  angles  may  not 
be  too  acute ;  to  protract  the  soundings,  draw  a  black  lead  line  by 
laying  the  edge  of  the  ruler  upon  the  two  objects,  and  lay  off  the 
bearings  from  the  meridian,  and  insert  Ae  somidings. 

Another  method,  which  is  preferable  to  any  of  those  described,  is 
to  have  three  memorandum  books,  and  three  watches,  all  set  to  the 
same  minute  at  the  beginning.  Your  assistant  has  one  theodolite 
and  you  have  another,  which  are  placed  at  least  a  mile  separate,  or 
more  If  it  can  be  got,  where  each  of  you  have  a  good  view  of  the 
bay  or  coast  you  intend  to  take  the  soundings  of:  the  assistant  in 
the  boat  sets  down  the  minute  and  the  depth  of  the  sounding  the 
moment  the  flag  is  hoisted;  you  take  one  bearing,  and  your 
assistant  takes  another,  and  you  both  set  down  in  your  book  the 
minute  of  time  it  was  taken.  After  having  taken  a  number  of 
soundings  In  all  directions,  all  three  compare  books.  The  obser- 
vations are  then  to  be  protracted,  and  laid  down  and  plotted  on  the 
chart,  and  the  soundings  all  inserted  at  their  respective  intersections. 
The  same  method  of  protracting  is  used  as  the  chart  is  plotted  by, 
and  need  not  be  again  repeated.  Be  very  particular  in  making  an 
allowance  for  the  fall  and  rise  of  the  tide  in  all  the  different  methods 
above  specified :  for  this  purpose  a  man  ought  to  be  watching  at  an 
index,  such  as  are  at  most  harbours,  to  set  down  on  paper  how 
much  the  tide  rises  or  falls  every  quarter  of  an  hour  during  the 
time  the  soundings  were  taking. 

From  the  remarks  I  have  made  upon  county  surveying,  a  sur- 
veyor will  find  very  little  difficulty  in  surveying  and  making  out  a 
map,  after  having  had  a  little  practice  in  both  departments.  As 
the  survey  of  a  large  extent  requires  great  minuteness,  it  is  neces- 
sary to  have  such  instruments  as  will  measure  angles  to  a  great 
nicety.  An  altitude  and  azimuth  circle  of  large  radius,  so  con- 
trived as  to  read  at  least  every  10"  distinctly,  to  observe  the  angles 
with  the  greatest  accuracy,  to  extend  triangles  formed  to  distant 
objects  calculated  by  logarithms,  so  as  to   have   distances  very 
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correctly,  and  from  them  a  range  of  bearings  taken  to  yarions  other 
distant  objects,  is  indispensable.*  Few  surveyors  are  at  so  much 
pains,  resting  satisfied  when  three  bearings  meet  in  a  point.  It 
frequently  happens,  that  from  two  stations,  another  that  you  wish 
to  make  a  station  of  cannot  be  seen  from  the  one  you  are  at,  and 
it  is  necessary  to  intersect  it ;  in  that  case,  measure  a  distance  from 
where  you  are  to  where  it  can  be  seen ;  there  plant  up  the  theodo- 
lite, and  take  a  bearing  to  it,  and  another  at  some  convenient  place, 
and  so  intersect  it.  It  is  necessary  that  a  land-surveyor  should  take 
the  latitude  of  some  of  the  principal  places  by  observation.  This 
may  be  done  by  observing  the  altitude  of  the  sun  at  12  o'clock 
exactly ;  and,  by  a  table  of  the  sun's  declination,  you  find  the  ele- 
vation of  the  equator  in  that  place,  and  the  complement  of  this 
angle  is  the  latitude  required.  Unless  you  have  a  well-regulated 
watch,  set  by  a  time-pi^ce,  the  hour  of  12  cannot  be  exactly  ascer- 
tained ;  therefore  it  is  necessary  that  a  surveyor  ought  to  know 
how  to  find  a  true  meridian  line  by  observation  taken  with  his 
theodolite.  Choose  a  clear  day,  an  hour  or  two  before  12,  take  the 
sun's  altitude,  and  in  the  afternoon  you  have  to  observe  when  the 
altitude  is  the  same. 

In  the  forenoon,  suppose  at  10  o'clock,  the  instrument  is  set  level, 
the  index  over  o  on  the  limb,  and  the  needle  set  over  iiie  fleur-de-lia 
in  the  compass  box ;  move  the  index  horizontally  and  the  arc  ver- 
tically, till  you  see  through  the  telescope  the  cross  hairs  and  the 
limb  of  the  sun,  upper  or  under,  exactly  in  contact ;  observe  what 
degrees  and  minutes  are  cut  on  the  horizontal  arc  by  the  index, 
which  note  in  a  memorandum  book,  and  also  the  angle  of  elevation 
cut  by  the  index  on  the  vertical  arc.  In  the  afternoon,  observe 
that  the  instrument  is  not  moved  from  the  level,  and  that  the  index 
and  the  arc  correspond  with  the  angle  of  elevation  it  was  in  the 
forenoon.  Then  move  the  index  on  the  limb  horizontally,  and  watch 
it  till  you  see  the  cross  hairs  in  the  telescope  touching  the  same 
limb  of  the  sun  as  before,  and  note  the  degrees  and  minutes  cut  by 
the  index  on  the  limb,  suppose  38''  30" ;  from  the  afternoon's  obser- 
vation subtract  that  made  in  the  forenoon,  which  was  T  30* ;  there 
remidns  3r,  the  half  of  which  is  15^  30' ;  to  this  half  sum  add  the 
morning's  observation,  V  30',  and  the  sum  is  23''.  Let  the  theodo^ 
lite  remain  in  the  same  position,  and  turn  the  telescope  about  till 
the  index  cuts  23"^  on  the  limb  ;  look  through  the  telescope,  and  if 
the  cross  hairs  coincide  with  any  particular  mark  at  a  distance,  it  is 

*  See  article  Trigonometrical  Suxreying  in  a  mibaequent  part  of  this  work. 
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in  the  line  of  the  meridian.  If  no  mark  is  seen  that  yon  are  certain 
of,  yon  must  then  set  up  a  pole,  or  something  else,  by  way  of  a 
mark;  put  also  a  mark  where  the  instrument  stands.  By  this 
means  you  may  also  know  the  variation  of  the  magnetic  needle,  by 
observing  what  degree  it  cuts  in  the  compass  box  when  the  index 
is  placed  exactly  on  the  meridian.* 

The  latitude  of  the  place  may  be  taken  thus : — After  you  have 
foimd  out  a  true  meridian,  plant  the  theodolite  level ;  bring  the 
vertical  arc  and  telescope  into  the  line  of  the  meridian,  and  let  the 
index  remain  at  the  same  angle  on  the  limb;  then  elevate  the 
telescope  towards  the  sun,  and  when  the  sun  is  in  a  line  with  the 
meridian,  and  the  cross  hairs  in  the  telescope  appear  as  if  they  were 
touching  the  sun's  upper  or  lower  limb,  note  down  for  the  sun's 
meridian  altitude  the  degrees  and  minutes  cut  by  the  index  on  the 
arc,  which  suppose  is  42""  S.,  allowing  16'  for  the  sun's  semidiameter, 
and  for  the  sun's  declination  by  an  ephemeris  for  the  same  day,  sup- 
pose 4"*  2' ;  if  it  be  a  north  declination,  subtract  this  from  42*",  the 
meridian  altitude,  and  the  remainder  will  be  37°  58'  the  co-latitude, 
and  52*  2'  N.  the  latitude ;  but  if  the  altitude  be  SS''  56'  S.,  and  the 
sun  has  a  south  declination,  4''  2',  it  must  be  added  to  the  meridian 
altitude,  and  the  sum  will  be  the  co-latitude ;  by  substracting  which 
from  90'  you  bave  the  latitude  of  the  place,  52''  2'.  (See  the 
method  of  finding  the  latitude  afterwards  given.) 

*  This  method,  without  applying  the  equation  of  equal  aeimuths  for  the  change 
of  the  sun's  declination  during  the  interval,  is  not  fiu  from  the  truth  near  the 
solstices,  and  may  in  that  case  answer  tolerably  well;  but  that  equation  must  always, 
as  shown  in  the  explanation  of  Table  XVHI.!  be  applied  where  aocuzaoy  is  required. 
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SECTION  SEVENTH. 


OF  REDUCING  AND  DELINEATING  PLANS. 


ART.  L— OP  REDUCING. 

The  redudtan  of  a  figure^  design,  or  draught,  is  the  making  a 
copy  of  it  either  larger  or  smaller  than  the  original,  still  preserving 
the  form  and  proportion.  This  maj  be  accomplished  in  various 
ways ;  but  it  may  be  necessary  to  mention  that  each  has,  more  or 
less,  its  defects.  Plate  XVUl.,  fig.  1,  represents  a  plan  which  is 
to  be  reduced  by  means  of  squares.  This  is  performed  as  foUows : 
divide  the  original  into  little  squares,  and  divide  a  piece  of  paper  of 
the  dimension  required  into  the  same  number  of  squares,  which 
are  to  be  larger  or  smaller  than  the  original  as  the  map  is  to  be 
enlarged  or  diminished.  This  done,  in  eyery  square  of  the  second 
figure  draw  what  you  find  in  its  correspondent  one  in  the  first,  as 
in  fig.  2,  same  plate,  which  is  reduced  to  one-half  of  the  original, 
or  one-fourth  in  extent. 

The  proportional  compasses,  or,  as  they  are  frequently  termed, 
(from  their  use,)  compasses  of  reduction,  are  of  great  use  in  reduc- 
ing. Plate  XVlll.,  fig.  3,  represents  a  pair  of  those  compasses, 
which  are  made  use  of  as  follows :  move  the  slider  A  till  sudi  time 
as,  by  trials,  you  find  the  number  of  extents  of  the  one  end  of  the 
legs  C  C  contained  in  one  extent  of  the  other  end  B  B.  The  num- 
ber of  extents  indicate  the  proportion  in  which  you  are  to  enlarge 
or  diminish.  From  this  the  application  must  appear  evident.  The 
instrument  is  generally  sold  divided  to  your  hand,  which  renders  it 
still  more  convenient. 

Plate  XVm.,  (Fig.  4,) 

Represents  a  proportional  scale  or  fan,  which  answers  exactly 
the  same  purpose  as  the  proportional  compasses.    It  is  constructed 

u 
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as  follows :  draw  two  lines  at  any  angle  you  please  from  D ;  then 
take  a  pair  of  compasses,  with  either  the  drawing  pen  or  pendl,  and 
put  one  foot  in  the  angle  D,  and  draw  a  number  of  segments  of  a 
circle  at  as  nearly  equal  distances  as  you  can  guess,  and  number 
them  in  the  same  manner  as  is  on  the  figure ;  then  divide  the 
farthest  arch  from  D  into  three  equal  divisions,  and  draw  a  line 
from  D  to  the  second  division,  which  makes  that  part  on  the  left 
only  half  of  what  is  on  the  right.  To  use  it,  take  any  length  from 
.  the  large  plan,  and  apply  that  length  in  the  compasses  to  the  right 
side  of  the  fan,  by  moving  them  down  till  you  bisect  the  line  drawn 
through  the  fan.  Turn  the  compasses  round,  and  press  in  one  leg, 
till  the  point  just  reaches  the  left  line  on  the  fan,  which  gives  one 
half  the  distance,  which  apply  to  the  copy  that  you  are  to  reduce. 
This  method  will  be  found  equally  expeditious  and  as  correct  as 
the  proportional  compasses.  It  can  be  drawn  with  a  black-lead 
pencil  upon  any  part  of  your  plan,  and  can  be  rubbed  out  when 
convenient. 

Plate  XVin.,  (Figs.  6  and  7,) 

Is  the  plan  of  the  mouth  of  the  rivers  Esk  and  Dee,  which  has  a 
large  flat  of  marshy  ground  between  the  river  Dee  and  the  sea. 
On  the  east  are  broad  sands  and  a  bold  shore,  with  steep  rocks ; 
above  the  rocks  is  gently  rising  groimd,  with  a  clump  of  planting ; 
opposite  is  the  village  of  Esk,  with  some  open  fields,  a  plan  of  which 
is  made  on  a  reduced  scale  by  means  of  squares ;  the  proportion  is 
as  three  to  four, — ^that  is  to  say,  three  squares  on  the  large  plan  is 
to  be  divided  into  four  squares  in  the  smaUer  one,  or  three  chains 
from  a  scale  upon  the  original  plan  will  measure  four  on  the  reduced 
one.  If  you  make  each  square  on  the  large  plan  two  inches,  each 
square  on  the  small  plan  must  be  an  inch  and  a  half.  If  you  use 
the  proportional  compasses,  let  them  be  set  so  as  two  inches  betwixt 
the  largest  legs  may  measure  only  an  inch  and  a  half  in  the  short 
legs.  Should  you  prefer  a  proportion,  let  the  middle  line  be  in  the 
same  proportion  as  three  is  to  four.     (See  the  fan,  fig.  8.) 

Plate  XVIIL,  (Fig.  5,) 

Represents  a  pantagraph  at  work.  Of  all  instruments  that  have 
hitherto  been  invented  for  reducing,  copying,  or  enlarging  plans, 
the  pantagraph  is  by  far  the  best ;  not  only  for  being  the  most  ex- 
peditious, but  the  most  correct,  as  every  straight  and  curved  line  is 
copied  with  the  greatest  exactness.  It  is  as  useftil  to  an  experienced 
draughtsman  as  to  those  who  have  had  but  little  practice  in  drawing. 
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It  sayes  much  time,  either  in  reducing  or  enlarging  plans  of  estates, 
and  with  equal  facility  may  be  used  for  copjing'fig^ures,  sea-charts, 
maps,  profiles,  landscapes,  &c.  This,  like  all  other  good  instru- 
ments, most  mathematical  instrument-makers  lay  claim  of  having 
made  improTcments  upon.*  Those  instruments  are  in  general 
made  of  brass,  from  one  to  four  feet  in  length ;  it  consists  of  four 
flat  bars,  about  half  an  inch  broad,  and  about  one-eighth  of  an  inch 
thick — two  long,  and  two  short.  The  two  longest  are  joined  at  the 
end  B  by  a  double  pivot,  which  is  fixed  to  one  of  the  bars,  and 
works  in  two  small  holes  placed  at  the  end  of  the  other.  Under 
the  joint  is  a  castor,  Mrith  an  ivory  roller,  to  support  this  end  of  the 
instrument.  The  two  smaller  bars  are  fixed  by  pivots  at  E  and  H, 
near  the  middle  of  the  longer  bars,  and  are  also  joined  together  at 
C  by  a  double  pivot.  By  the  construction  of  the  pantagraph,  the 
four  bars  always  form  a  parallelogram  or  rhombus.  There  is  a 
slider  on  one  of  the  larger  bars  or  arms,  and  another  on  one  of  the 
shorter,  which  moves  upon  the  arms  till  they  are  put  in  a  line, 
which  is  known  by  taking  a  piece  of  thread  and  applying  it  to  the 
tracing-pin  A,  the  pin  in  the  weight,  and  the  pencil-tube,  and  are 
fixed  to  the  arms  or  bars  by  means  of  milled  screws.  Each  of  the 
boxes  has  a  eylindric  tube  to  carry  either  the  pencil-point  I  or  the 
weight  K,  which  is  made  of  lead,  and  covered  with  leather  or  silk. 
On  this  weight  the  whole  instrument  moves,  and  every  part  is  in 
motion  when  at  work,  except  the  weight,  which  holds  the  panta- 
graph fast  to  the  paper  by  means  of  four  prongs  in  the  under  side 
of  it.  The  instrument  is  supported  upon  castors,  with  ivory  rollers, 
to  facilitate  its  motions.  The  long  tube,  with  the  pencil,  moves 
easily  up  and  down  in  a  socket,  within  another  tube,  to  give  way 
to  any  unevenness  in  the  paper.  There  is  a  cap  at  the  top  for 
putting  in  a  piece  of  lead  to  increase  the  strength  of  the  pencil- 
mark.  If  the  original  plan  is  of  large  dimensions,  and  the  panto- 
graph cannot  take  it  in  all  at  once,  the  operation  must  be  done  at 
two,  three,  or  four  times,  by  drawing  a  line  from  one  point  to  an- 
other upon  the  large  plan  with  a  black-lead  pencil ;  the  same  line 
must  be  taken  off  from  the  large  plan  upon  a  new  sheet,  which  will 
correspond  with  the  line  drawn  upon  the  copy.  The  original  plan 
must  be  removed  into  such  a  situation  as  to  allow  the  reducing  or 
enlarging  the  remaining  part.     In  this  maimer,  by  frequent  shifi- 


*  The  late  Professor  Wallace  invented  an  instrument^  called  an  Eidogn^ph^which  is 
also  a  very  useful  instrument  for  similar  purposes,  and  made  by  Adie  ft  Son> 
Opticianay  Edinbuiigh. 
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ing,  a  pantagraph  is  made  to  reduce,  enlarge,  or  copy  a  drawing 
of  large  dimensions,  by  joining  the  parts  togetlier. 

To  avoid  the  trouble  of  setting  the  weight,  pencil,  and  tracer 
each  time,  two  of  the  bars  are  divided  into  ten  or  twenty  of  the 
most  common  proportions,  by  which  divisions  the  sliders  are  to  be 
fixed.  When  the  machine  is  used,  a  fine  string  is  fastened  in  the 
pencil-case ;  the  other  end  has  a  loop,  to  be  fastened  to  the  finger 
of  the  operator,  by  pulling  which  he  can  raise  the  pencil  when  he 
does  not  wish  it  to  mark. 

No  surveyor  should  be  without  this  machine,  as  his  plans  will 
have  to  be  reduced  to  a  smaller  scale  than  the  rough  sketches  he 
makes  out  for  calculating  the  contents,  particularly  if  the  estate  is 
large. 

Hitherto  I  have  only  given  directions  for  taking  surveys,  and 
making  out  rough  plans  and  sketches.  I  now  come  to  point  out 
the  methods  used  by  practical  surveyors  for  copying  and  drawing 
plans  with  the  greatest  facility,  at  the  same  time  with  as  much  ease 
and  exactness  as  the  nature  of  the  work  will  admit  of,  and  to  trans- 
fer the  rough  copies  to  be  drawn  on  thick  paper  or  vellum.  Some 
surveyors  use  a  pair  of  compasses  with  a  third  leg  annexed,  which 
takes  off  a  triangle  at  once.  With  the  same  extent  it  is  applied  to 
the  dean  paper,  and  the  lines  drawn  immediately  in  upon  the  copy 
with  a  black-lead  pencil.  They  go  oyer  the  whole  drawing  in  the 
same  manner,  till  such  time  as  it  is  all  taken  off  from  the  rough 
drawings  and  transferred  to  the  clean  paper. 

Another  method,  which  is  more  expeditious  than  the  three-legged 
compasses,  is  by  laying  the  rough  plan  above  a  sheet  of  dean  paper, 
and  with  a  needle  pricking  all  the  angles  and  curved  lines  through 
the  rough  plan,  and  the  marks  made  by  the  needle  are  left  percep- 
tible upon  the  dean  paper  or  vellum.  It  is  then  drawn,  first  with 
a  black-lead  pencil,  to  see  that  nothing  has  been  wrong  done  or 
omitted,  then  inked  in  with  Indian  ink.  The  straight  lines  are 
drawn  with  a  ruler  and  drawing-pen,  and  the  curved  lines  with  the 
hand. 

Another  method  is  by  a  copying-glass,  which  is  fixed  in  a  frame, 
and  is  lifted  up  from  another  frame,  which  it  is  fixed  to  with  hinges, 
and  is  supported  at  any  elevation  with  two  pillars,  which^  rest  in 
niches  made  in  both  sides  of  the  under  frame.  The  plan  that  you 
have  to  copy  Lb  fixed  to  a  sheet  of  clean  paper  with  pins,  sealing 
wax,  or  wafers,  at  the  comers ;  the  plan  is  laid  next  the  glass,  which 
you  see  distinctly  reflected  upon  the  clean  paper.  K  the  drawing- 
paper  is  very  thick,  put  a  piece  of  white  paper  next  the  under  frame. 
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which  Will  make  it  more  transparent,  run  over  the  whole  with  a 
black-lead  pencil,  and  ink  it  in. 

Another  method  is,  to  rub  the  back  part  of  the  rough  plan  over 
with  black-lead  dust,  and  lay  the  back  part  of  the  rough  drawing 
next  the  clean  drawing-paper ;  and  with  a  blunt  etching  needle, 
trace  over  all  the  lines  on  the  rough  plan.  When  done,  take  it  off, 
and  you  wHl  have  an  impression  upon  the  drawing-paper.  You  then 
ink  it  in.  If  you  wish  to  preserve  your  rough  plans  from  being 
damaged  by  rubbing  them  with  the  lead  dust,  take  a  sheet  of  thin 
paper,  and  rub  it  uniformly  over  with  lead  dust ;  lay  the  rubbed 
side  next  the  drawing-paper,  and  the  plan  above  it,  and  let  them 
be  all  kept  fast  with  pins  or  weights  to  prevent  shifting ;  press  the 
tracing  point  pretty  hard  upon  the  rough  draught,  and  when  you 
have  gone  all  over  it,  take  it  off  and  ink  it  in. 

If  you  have  a  plan  to  copy  that  has  been  drawn  upon  very  thick 
drawing-paper,  or  a  phm  that  is  pasted  on  Imen,  or  a  plan  to  make 
a  copy  from  that  is  highly  finished,  which  the  tracing  point  would 
damage,  get  some  sheets  of  cambric  or  fan  paper,  both  of  which 
are  very  thin,  and  rub  them  over  with  nut-oil ;  then  lay  the  oiled 
paper  between  sheets  of  blotting-paper,  and  it  will  be  fit  for  use  in 
a  few  days.  Lay  the  oil-paper,  after  it  is  thoroughly  dry,  upon  the 
original,  which  must  be  kept  down  with  weights ;  th^n  with  a  pen 
or  a  black-lead  pencil  go  over  all  the  lines,  till  you  have  copied  the 
whole  of  the  plan  upon  the  oil-paper;  then  take  the  oil-paper,  and 
lay  it  above  a  sheet  of  black-lead  paper,  and  with  a  tracer  trace 
through  the  oil-paper,  which  leaves  the  outline  of  the  plan  upon  the 
clean  drawing-paper,  and  you  will  have  the  outline  of  the  plan, 
which  afterwards  ink  carefidly  in. 


ART.  II.— OF  DELINEATING  PLANS. 

A  proficiency  in  delineating  and  making  out  neat  drawings  can- 
not be  acquired  but  by  practice.  For  that  purpose,  those  who  are 
desirous  to  improve  themselves  in  that  art  should  at  every  leisure 
hour  be  copying  or  making  out  drawings,  either  from  drawn  plans 
or  copperplates ;  and  should  also  study  the  different  tints  necessary 
to  give  drawings  effect. 

Indian  ink,  of  all  colours,  is  more  used  by  a  land-surveyor  than 
any  other.  A  well-finished  drawing  with  Indian  ink  has  a  fine 
effect,  and  is  esteemed  by  many  persons  to  excel  those  done  in 
colours.     But  it  requires  the  hands  of  an  excellent  draughtsman  to 
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finish  a  drawing  with  Indian  ink  alone ;  to  give  it  all  the  different 
tints  necessary,  it  is  more  tedious  than  delineating  a  plan  with 
colours ;  and  when  colours  are  used,  Indian  ink  is  the  chief,  as  all 
the  outlines  and  deep  shading  must  he  done  with  it. 

Verdigris  is  much  used  bj  land-surveyors,  as  well  as  all  i>tber 
draughtsmen.  It  answers  better  than  any  other  colour  for  shading 
lakes,  tarns,  or  lochs,  rivers,  brooks,  and  the  sea,  and  when  mixed 
with  a  little  gamboge  m^es  a  fine  green,  either  for  pasture, 
meadows,  bogs,  morasses,  trees,  &c.  &c  Carmine  and  lake  are 
best  for  shading  buildings ;  umber,  burnt  sienna,  and  bistre,  give 
different  shades  of  brown;  Prussian  blue  is  often  used  for  giving 
dark  shades  to  the  sides  of  rivers,  and  the  sea-shore ;  gamboge, 
a  fine  yellow,  and  when  mixed  with  lake,  is  a  good  colour  for 
shading  roads.  These  are  the  colours  generally  made  use  of  by 
surveyors. 

The  most  expeditious  method  of  delineating  a  plan,  is  to  draw 
all  the  straight  lines  with  a  ruler  and  drawing-pen ;  the  curved  lines 
with  the  hand;  hedges,  trees,  bushes,  and  shrubberies,  with  the  pen 
and  Indian  ink.  Use  a  hair  pencil,  and  weak  Indian  ink  for  hiUs, 
for  the  first  tint,  and  wash  the  top  and  bottom  off  with  dear  water 
and  a  clean  brush,  before  the  first  coat  gets  time  to  dry.  Some 
surveyors  mix  a  little  bistre  with  their  Indian  ink,  which  gives 
them  a  brownish  tint ;  others  mix  a  little  Prussian  blue  with  the 
Indian  ink,  which  gives  them  a  fine  effect.  If  the  hills  are  very 
steep,  add  another  coat  or  two,  and  shade  them  according  to  their 
steepness ;  let  each  coat  dry  before  another  is  put  on,  and  never 
neglect  to  wash  off  the  edges  with  a  clean  brush  and  clear  water. 
The  Indian-ink  brush  should  be  at  one  end  of  the  pencil-stick,  and 
the  water-brush  at  the  other  end  of  it.  If  there  are  a  number  of 
hills  and  rising  grounds,  do  them  all  in  the  same  way,  with  one 
coat,  and  those  that  require  to  be  touched  up  steeper  will  be  dry. 
Begin  again,  and  give  them  a  second  coat.  Go  from  hill  to  hill 
till  you  have  finished ;  and  begin  again,  and  give  them  a  third,  and 
so  on,  till  such  time  as  you  bring  them  to  the  tint  required.  If  the 
hills  are  very  large,  as  in  the  Highlands  of  Scotland,  Yorkshire, 
Westmoreland,  or  Wales,  use  large  brushes,  and  give  the  rocks  a 
tint  resembling  the  colour  of  the  stone  by  shades.  (As  specimens 
of  shading,  see  various  plates  given  in  this  work  expressly  for  that 
purpose,  as  Plates  VHI,  IX,  XVIII,  XIX,  XXI,  XXH,  XXIII, 
XXV,  XXVII,  and  XXXI,  especially  for  the  important  method  of 
delineating  contours  to  be  afterwards  explained.) 
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MOORS. 

Make  first  the  representation  of  a  few  scattered  hillocks  with  the 
pen,  or  a  fine  hair  pencil,  according  to  the  nature  of  the  moor.  K 
the  moor  is  flat,  the  small  hillocks  should  be  omitted.  Draw  in 
with  the  pen  a  few  tufts  of  furze,  if  there  be  any  on  the  moor ;  then 
with  a  hair  pencil  touch  up  each  hillock  on  the  right  side  with  In-, 
dian  ink,  and  wash  the  edges  off  with  another  brush  at  the  other 
end  of  the  pencil-stick,  on  the  left  and  bottom  part,  with  clean 
water ;  give  each  furze  a  touch  with  Indian  ink,  and  shade  them  off 
with  the  hair  pendl  towards  the  right.  You  may  then  mix  a  little 
Indian  ink  and  bistre,  and  lay  on  some  broad  shades  promiscuously, 
very  light,  on  different  parts  of  the  moor ;  then  mix  up  a  little  weak 
Indian  ink  and  Prussian  blue,  and  lay  shades  on  those  parts  of  the 
moor  where  no  colours  have  been  laid  on,  washing  off  the  edges  to 
keep  them  firom  appearing  harsh.  Mix  Indian  ink  and  a  little 
lake,  both  very  weak,  and  lay  on  shades  here  and  there,  so  as  to 
interfere  as  little  as  possible  with  the  tints  already  laid  on ;  then 
take  a  little  weak  yellow  and  green,  and  fill  up  any  vacant  spaces 
that  may  have  been  left  untouched  with  the  other  colours,  which 
will  give  the  moor  a  variety  of  shades,  after  all  is  gone  over.  If  it 
is  heath,  shade  it  over  with  Indian  ink.  I£  there  is  pasture  and 
heath  mixed,  shade  it  with  light  green  all  over,  with  a  large  hair 
pencil.  K  the  moor  is  of  a  brownish  nature,  shade  it  all  over  with 
veiy  weak  bistre.  In  observing  the  above  directions,  you  will  be 
enabled  to  give  the  moor  a  resemblance  very  near  its  natural  colour. 
The  fturze,  whins,  or  ftizins,  as  they  are  termed  in  different  places, 
look  well  if  you  give  them  a  touch  of  green  on  the  right  side,  and  a 
touch  of  yellow  on  the  west  side,  which  should  be  laid  on  last,  which 
will  give  them  the  appearance  of  being  in  blossom. 

MORASSES. 

Take  a  fine-pointed  hair  pencil,  with  Indian  ink  of  a  pale  colour, 
and  draw  with  the  hand  short  horizontal  lines,  pretty  close  to  one 
another,  some  short  and  some  long — ^which  do  as  quick  as  you  can, 
till  you  have  gone  over  the  whole ;  and  with  the  pen,  insert  rushes, 
reeds,  and  herbages,  and  shade  over  the  whole  with  a  pale  green, 
inclining  a  little  to  blue ;  then  touch  up  the  rushes,  reeds,  and  her- 
bage, with  a  strong  green,  which  shade  off  to  the  right,  with  a  tint 
of  lighter  green. 
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MEADOWS. 

With  the  pen,  or  a  fine-pointed  hair  pencil  and  light  Indian  ink, 
make  a  few  strokes,  some  long  and  some  short,  none  to  exceed  the 
sixth  part  of  an  indi  in  length,  all  over  the  meadow,  as  they  are 
represented  on  Plate  XYDI,  Fig.  6,  (plan  of  Esl^mouth,)  and  wash 
the  whole  of  the  meadow  with  light  green,  inclining  to  yellow. 

PASTURE  GROUNDS 

Are  sometimes  represented  by  sloping  and  upright  strokes,  veiy 
short,  none  of  them  to  exceed  the  50th  part  of  an  inch,  as  in  Plate 
XIX  (Military  Sketch).  Bat  most  surveyors  content  themselves 
with  washing  the  whole  over  with  green,  something  darker  than 
the  meadows,  and  running  over  th^  whole  with  horizontal  shades  of 
Indian  ink,  which,  if  used,  should  be  tinted  before  the  green  is 
lidd  on. 

SANDS  UPON  THE  SEA-SHORE. 

Wash  them  all  over  with  a  little  weak  carmine,  and  gamboge, 
mixed  neither  too  strong  nor  too  weak.  Some  surveyors  dot  them 
all  oyer  with  small  dots,  as  is  represented  on  Plate  XVIIL  Fig. 
6,  with  a  pen ;  but  this  is  only  done  on  high-finished  drawings,  par- 
ticularly if  the  sands  and  scale  are  large,  as  it  is  very  tedious  to  do 
them  with  dots. 

TREES 

Ought  to  be  done  very  neat,  upon  a  plan,  as  they  give  a  draw- 
ing a  fine  appearance,  (see  Plate  XIX.,  MUitary  Sketch,  or  any 
of  the  following  plates.)  They  are  expressed  by  a  vertical  stem 
with  a  horizontal  shade  at  bottom,  and  made  broad  at  the  top,  and 
shaded  with  the  pen  on  the  right  or  east  side,  or  with  a  touch  of 
Indian  ink,  and  coloured  green  on  the  left  side,  with  here  and  there 
some  with  a  little  brown,  others  of  the  trees  yeUow,  for  the  sake 
of  distinction  and  variety. 

ROCKS 

Upon  a  hill-side  are  made  to  appear  rugged,  as  on  Plate  XIX., 
and  those  upon  a  bold  shore  as  represented  on  Plate  XVIII.,  Figs. 
6  and  7.  Houses  are  often  shaded  with  carmine  and  lake,  and  fre- 
quently dark  with  Indian  ink,  and  they  are  in  general  shaded 
darker  on  the  east  and  south  sides.  See  Plates  XVII.,  XXI., 
XXXI.,  and  XXXTT. 
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RIYEBS,  LAKES,  AND  THE  SEA-SHORE, 

Are  shaded  by  going  round  the  edges  on  both  sides  of  a  river 
with  a  strong  liquid  blue,  which  is  softened  off  with  a  hair  pencil, 
and  a  weaker  blue  towards^  the  middle.  Some  surveyors  prefer 
shading  the  edges  of  the  rivers  and  sea-coast  with  Indian  ink, 
which  is  softened  off  with  a  pencil  and  clear  water,  and  when  dry, 
shade  the  whole  of  the  river,  lake,  or  sea,  with  water  blue.  This 
method  makes  the  water  look  bolder  at  the  edges,  than  when  it  is 
all  shaded  blue.  Surveyors  that  have  time,  and  wish  to  excel  in 
drawing,  frequently  draw  in  the  whole  of  the  river  with  bold  lines 
near  the  edge,  and  funter  towards  the  middle,  in  imitation  of  en- 
graving. The  searshore  is  shaded  in  the  same  way,  but  much 
broader,  and  washed  off  with  a  large  pencil  and  clear  water. 
When  the  Indian  ink  is  thoroughly  dry,  a  coat  of  strong  blue  is 
laid  above  the  ink,  and  washed  off  with  a  weaker  blue,  with  a  large 
hair  pencil  and  clear  water. 

COBN  FIELDS 

Give  a  plan  a  fine  appearance,  if  they  are  neatly  shaded.  The 
common  way,  is  to  draw  parallel  lines  as  near  as  you  can  guess,  at 
equal  distances,  either  widi  the  hand,  or  with  a  parallel  ruler  and  a 
drawing  pen,  and  weak  Indian  ink,  or  with  the  colour  you  intend 
to  shade  the  field  with,  to  represent  the  ridges.  When  ^atis  done 
with  any  colour  you  think  proper  to  make  the  divisions  of  the  field, 
suppose  yellow,  take  a  little  yellow  in  a  hair  pencil,  and  run  down 
the  ridges ;  and  before  the  colour  is  quite  dry,  wash  the  edge  of  it 
with  the  hair  pencil  on  the  other  end  of  the  stick  with  clear  water. 
Do  the  next  field  in  the  same  way,  but  a  different  colour,  and  vary 
the  colours  so  that  two  fields  adjoining  should  be  of  different  colours, 
till  you  have  gone  over  the  whole  plan,  some  brown,  and  others 
blue  or  red.  But  most  draughtsmen  pt^fer  making  all  the  fields  at 
least  something  betwixt  yellow  and  light  brown. 

Plate  XVII. 

Is  a  design  for  a  new  town,  which  was  proposed  to  be  built  in 
the  same  way  as  represented  on  the  Plate,  where  every  comer 
house  has  the  benefit  of  a  garden.  In  most  towns  the  comer 
houses  are  in  general  the  best,  but  often  deprived  of  a  garden, 
when  the  interior  houses  have  the  advantage  of  one.  To  dis- 
tinguish the  gardens  belonging  to  the  comer  houses,  they  are 
coloured  upon  the  Plate  with  different  colours,  merely  to  show  how 
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thej  are  situated  from  the  house  they  belong  to.  This  plan  is 
introduced  principally  to  give  an  idea  how  gardens  are  generally 
tinted  and  finished  upon  plans.  After- the  outline  of  the  whole  is 
drawn  with  a  drawing-pen  and  Indian  ink,  before  any  colours  are 
used,  take  a  fine-pointed  hair  pencil  or  pen,  run  over  with  weak 
Indian  ink  the  lines  to  represent  the  different  beds ;  then  draw  in 
bushes  along  the  sides  of  the  walks,  and  here  and  there  some  bushes 
at  the  divisions  of  the  different  beds,  and  some  scattered  trees,  if 
there  are  any  in  the  garden,  which  should  be  done  in  a  neat  style, 
and  shaded  dark  with  Indian  ink  on  the  right  cheek,  and  let  the 
left;  sides  of  the  trees  be  left  white ;  they  should  all  have  a  shade 
at  the  bottom,  which  is  commonly  done  on  the  right  hand  from  the 
roots.  Houses  are  sometimes  shaded  dark  in  plans  with  Indian 
ink,  but  more  frequently  with  carmine,  and  on  the  east  and  south 
sides  with  lake,  which  is  something  of  a  darker  red  than  carmine. 
The  carmine  should  be  diluted  with  gum  water ;  the  best  kind  is  to 
be  bought  in  powder  or  in  cakes.  If  Indian  ink  is  used,  which  some 
surveyors  prefer  to  carmine  or  lake,  draw  a  dark  line  on  the  east 
and  south  side  of  the  buildings,  pretty  bold,  as  is  done  on  the  Plate, 
which  gives  a  good  effect  to  the  drawing.  The  beds  of  the  gardens 
should  be  tinted  with  very  light  and  pale  colours,  such  as  green, 
yellow,  red,  and  any  other  colours  you  choose,  to  make  a  small  dis- 
tinction of  one  bed  from  another.  The  gravel  walks  are  shaded 
brown,  and  the  grass  walks  green.  The  bushes  and  trees  should  all 
have  a  tint  of  green,  brown,  or  yellow  on  the  light  side,  some  one 
colour  and  some  another,  but  most  of  them  green,  which  g^ves  a 
pleasant  effect,  if  they  are  tastefully  laid  on.  The  streets  in  a 
town  are  commonly  left  white,  although  some  surveyors  prefer 
giving  them  a  tint  of  very  light  blue,  to  represent  the  causeway ; 
and  if  the  town  has  a  flagged  pavement,  it  is  coloured  brown  in 
general. 

The  gravel  walks  in  pleasure  grounds,  which  are  frequently  nume- 
rous, are  made  of  gravel,  and  laid  out  very  tastefully  round  beau- 
tiful fish-ponds,  and  the  shrubbery,  which  is  extensive,  kept  in  the 
finest  order ;  the  whole  sheltered  with  plantations  of  considerable 
extent.  A  few  corn-fields  may  be  added  and  represented,  which 
gives  an  idea  of  the  method  of  laying  down  fields  and  hedges  ad- 
joining a  pleasure  ground,  and  what  way  to  make  out  a  finished 
drawing.  But  observe, the  dotted  lines  representing  the  ridgesshould 
be  drawn  with  a  drawing-pen  with  light  Indian  ink,  or  with  colour 
on  your  plan,  the  same  as  you  intend  to  shade  the  different  fields 
with,  which  should  be  bolder  than  the  fi&iut  colour  with  which  you 
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shade  the  ground.  This  gives  a  fine  effect  to  a  drawing,  if  smoothly 
laid  on. 

Many  plates  are  made  out  to  show  in  what  way  the  drawing  of 
gprounds  ought  to  be  finished.  In  order  to  get  an  idea  of  taking  the 
survey,  pointing  out  the  numerous  distances  and  angles,  recourse 
must.be  had  to  various  parts  of  the  treatise ;  let  it  suffice  to  ob- 
serve, that,  by  what  has  been  already  described,  if  a  pupil  has  made 
himself  acquainted  with  the  different  methods  of  surveying  and 
making  out  his  protractions,  he  will  find  little  difficulty  either  in 
taking  a  survey,  though  ever  so  intricate,  or  making  a  plan  of  the 
same. 

The  drawings  of  pleasure  grounds  would  require  to  be  plotted 
upon  a  pretty  large  scale,  which  would  give  sufficient  room  to 
colour  all  the  roads  and  gravel  walks  minutely.  To  avoid  confu- 
sion, they  are  left  uncoloured  on  the  plates,  and  are  only  repre- 
sented by  lines,  which  can  be  easily  traced.  When  a  pupil  improves 
himself  in  drawing,  he  will  soon  be  enabled  to  make  out  a  neat 
plan,  by  following  the  directions  given  in  delineating,  immediately 
preceding.  Those  who  wish  to  excel  in  drawing  should  provide 
themselves  with  good  Indian  ink,  and  with  a  set  of  the  best  colours, 
which  can  be  purchased  ready  prepared  in  small  cakes,  very  finely 
ground,  and  may  be  had  at  any  of  the  colour  or  print  shops.  A  very 
fine  liquid  blue  may  be  made,  by  mixing  three  ounces  of  verdigris 
and  one  ounce  of  cream  of  tartar,  with  half  a  gill  of  vinegar.  Put 
the  mixture  into  a  vial,  and  shake  it  two  or  three  times  a-day  till 
the  verdigris  is  dissolved,  and  you  will  have  a  fine  water  blue, 
which,  when  mixed  with  a  little  yellow,  is  a  beautiful  grass  green. 
The  above  two  colours  are  more  used  by  land-surveyors,  with  the 
addition  of  Indian  ink,  than  any  of  the  other  colours. 

A  land-surveyor  who  undertakes  the  survey  of  a  county,  ought 
to  study  attentively  the  method  of  laying  down  and  transferring 
his  rough  draughts  and  sketches  with  accuracy,  and  to  copy  them 
very  mbutely  and  very  neat  upon  his  clean  drawing. 

Before  I  close  thb  treatise  on  surveying,  I  shall  offer  a  few  re- 
marks which  may  prove  useful  to  the  surveyor  in  the  delineating 
of  high  ground  on  maps, — ^viz.,  mountains,  fells,  hills,  and  knolls  ; 
which  appellations  are  made  use  of  according  to  the  altitude,  which 
in  general  is  determined  from  the  level  of  the  sea  at  low  water. 

Of  all  the  methods  that  have  been  invented  for  drawing  high 
grounds,  although  many  are  used,  yet  none  is  more  generally 
adopted,  or  indeed  of  greater  utility,  than  those  represented  in 
Plates  XXXI.  and  XXXII.    The  former  is  more  particularly 
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adapted  to  dose  or  complete  a  country,  the  latter  where  it  is  high 
and  open ;  yet  the  principle  in  both  is  exactly  the  same,  and  simply 
consists  in  what  is  in  general  termed  a  hird*8^e  viewj  the  eye 
being  supposed  at  a  distance  from  the  ground.  The  greater  the 
altitude  of  the  hill,  the  deeper  the  shade.  It  being  impossible  to 
place  the  eye  in  that  position,  recourse  must  be  had  to  sketching 
the  ground  from  eminences,  commencing  first  at  one  side  of  a 
mountain  or  hill,  and  going  all  round,  so  as  to  introduce  as  little 
as  possible  any  perspective  view ;  thus  will  eveiy  part  of  a  hill  or 
mountain  have  a  proper  extent,  and  will  be  in  dieir  proper  situa- 
tions with  regard  to  horizontal  distance.  If  the  hill  is  perfectly 
flat  on  the  top,  it  is  left  white,  as  on  several  of  the  plates.  Although 
many  surveyors  prefer  perspective  methods — which,  when  executed 
with  taste,  may  please  the  eye  on  account  of  their  landscape  appear- 
ance— and  though  I  have  always  admired  and  commended  fine 
drawn  plans ;  yet  it  is  my  opinion  (as  maps  are  not  merely  for 
show)  accuracy  ought  to  be  preferred.  I  must  here  mention,  that 
in  no  publication  on  surveying  has  anything  been  said  of  the  draw- 
ing of  maps.  This  has  induced  me  to  introduce  several  plates  as 
specimens — some  for  the  various  parts  of  the  outline,  such  as  towns, 
rivers,  roads,  and  sea-coast,  &c. ;  the  others  for  high  grounds  and 
the  heads  of  rivers ;  and  I  may  venture  to  affirm,  they  will  afford 
more  information  on  the  subject  than  the  most  lengthened  detail. 
However,  I  shall  show  the  method  I  have  made  use  of  in  sketching 
the  hills.  After  having  done  all  the  outline  work  on  the  plan,  the 
best  way  of  introducing  the  hills  with  accuracy  is  to  trace  on  part 
of  the  paper  the  plan  of  the  outline,  and  fasten  it  upon  a  plain 
table,  and  sketch  in  the  hills ;  which  again  take  off  the  table,  and 
trace  the  hills  upon  the  outline  plan,  and  shade  them  according  to 
their  steepness ;  then  do  all  the  other  smaller  hills  in  the  same  way. 
When  the  work  runs  off  the  plain  table,  use  more  traced  paper,  till 
such  time  as  you  have  gone  over  the  whole  map,  taking  care  to 
notice  all  cairns,  burrows,  or  rocks,  which  are  situated  on  the  hills, 
and  shade  them  as  far  as  they  have  a  declivity  towards  the  rivers 
or  brooks.  Great  care  should  also  be  taken  to  trace  the  various 
ravines  and  brows  of  hills,  which  wiU  give  a  true  representation  of 
the  country ;  and  to  have  it  well  drawn  has  a  fine  effect.  The 
draughtsman  should  take  care  not  to  labour  the  hills  too  much ;  for  it 
frequently  happens  that  greatly-laboured  plans  lose  effect,  and 
drown  the  most  useful  part  of  the  plan — the  outline. 

It  will  sometimes  be  necessary,  particularly  if  the  scale  is  large, 
to  determine  the  falls  of  hills  by  levelling,  (for  which  see  page  238| 
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&c. ;)  but  an  accurate  eje-sketch  is  sufficient  for  all  scales  connected 
with  county  surveys. 

Some  draughtsmen  use  the  hair  pencil  for  hills.  It  is  in  my 
opinion  best,  as  it  gives  more  spirit  than  the  pen ;  yet  I  have  seen 
a  few  drawings  with  the  pen  only,  in  imitation  of  engraving,  similar 
to  Plate  XXXI.,  exquisitely  finished*  Notwithstanding,  from  the 
very  few  good  specimens,  it  is  an  art  in  which  very  few  attain  to 
any  degree  of  perfection,  but  which,  if  they  do  attain,  is  an  excel- 
lent specimen  to  the  engraver.  In  a  plan,  one  of  the  greatest 
recommendations  that  I  know  is  good  writing ;  and  nothing  tends 
more  to  deteriorate  a  map  or  plan,  even  if  accurately  surveyed  and 
well  drawn,  than  bad  writing.  The  young  draughtsman  ought  there- 
forb  to  practise  the  various  hands,  as  represented  in  the  different 
plates,  which  will  not  only  be  a  good  specimen  to  himself,  but  an 
excellent  one  to  the  engraver. 

When  a  land-surveyor  has  finished  a  plan  of  a  nobleman  or 
gentleman's  estate,  in  as  elegant  a  style  of  drawing  as  he  is  capable 
of — ^if  the  scale  he  has  adopted  is  large,  he  will  upon  his  plan  have 
several  blank  comers,  one  of  which  should  be  filled  up  with  a  neatly- 
written  title,  another  with  a  table  of  contents.  He  should  also,  on 
any  convenient  place,  insert  a  scale,  and  on  another  blank  space  a 
compass ;  and  if  there  is  any  other  blank  comer  remaining,  it  may 
be  filled  up  with  a  view  of  the  mansion-house,  or  an  old  ruin  of  a 
castle,  or  any  particular  building,  if  there  are  any  on  the  property. 
If  neatly  drawn,  and  like  the  building,  it  is  a  fine  embellishment  to 
a  plan. 

I  feel  no  hesitation  in  saying,  that,  with  proper  attention  to  the 
variouB  methods  of  surveTi/g,  ^d  a  ^ute  Lfection  of  the  plates 
in  this  treatise,  the  joJg  Srveyor,  with  pei^verance,  ma/soon 
become  master  of  his  profession. 
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TRIGQNOMETRICAL  SURVEYING,  &a 


1.  The  figure  of  the  earth  is  nearly  that  of  a  globe,  and,  for 
many  purposes  of  surveying,  this  hypothesis  will  bring  out  con- 
clusions sufficiently  accurate ;  but  for  the  nicer  and  more  extended 
processes,  the  earth  must  be  considered  as  a  spheroid  compressed 
at  the  poles.  The  different  measures  of  arcs  of  the  meridian,  &c., 
concur  to  prove  that  the  compression  is  about  tht — that  is,  the  polar 
semiaxis  is  one  three-hundredth  part  less  than  the  equatorial  radius. 
From  the  comparison  of  a  ninnber  of  arcs,  I  have  found  the  radius 
of  the  equator  equal  to  20922642  feet,  and  the  polar  semiaxis 
20852900  feet;*  and  from  these,  by  spherical  geometry  and  the 
properties  of  the  conic  sections,  the  various  formule,  rules,  and 
auxiliary  tables  required  in  Trigonometrical  Surveying  and  Level- 
ling are  obtained. 

2.  Though  an  extensive  trigonometrical  survey  may  be  com- 
menced  by  any  of  its  details,  yet  it  is  usual  to  measure  a  base,  in 
the  first  instance,  with  all  possible  attention  to  accuracy.  It  is 
generally  chosen  in  as  level  a  position  as  may  be  attainable,  and  it 
is  a  good  plan  to  measure  it  first  approximately  by  a  hundred-feet 
chain,  as  a  trial  of  its  capabilities,  and  a  check  on  the  more  accurate 
methods  to  be  afterwards  followed.  A  good  theodolite,  or  transit 
instrument,*  is  placed  securely  on  a  station  at  one  extremity,  and, 
by  the  motion  of  the  telescope  in  a  vertical  plane,  such  a  number 
of  stakes  are  intersected  throughout  the  base,  by  this  means  placed 
in  a  straight  line,  as  are  sufficient  to  guide  the  subsequent  mea- 
sures. In  the  course  of  this  process,  considerable  trouble  will  be 
sometimes  experienced  from  the  effects  of  lateral  refiraciion^  which 

*  Mr  Airy  has,  from  a  considerable  number  of  ares,  ancient  and  modem,  deduced 
20928713  feet  and  20853810  feet»  respectively.  I  have,  bo^ever,  examined  aU  the 
more  recent  and  unobjectionable  measurements  of  arcs,  and  the  results  have  induced 
me  to  retain  my  former  determinations  till  I  see  stronger  reasons  for  a  change. 
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shifts  the  stakes  sometimes  to  the  right  and  at  other  times  to  the 
left.  The  same  atmospheric  irregularities  render  it  necessary  to 
measure  the  horizontal  and  vertical  angles  repeatedly  in  the  sub- 
sequent course  of  the  survey,  on  different  days,  at  the  most  favour- 
able hours,  however  powerful  the  instrument  employed  may  be. 

3.  Bamsden's  steel-chain,  made  in  a  peculiar  manner,  seemed  to 
answer  the  purpose  of  lineal  measure  tolerably  well ;  but  it  appears 
that  Colonel  Colby's  compensation  bars,  constructed  by  Troughton, 
and  composed  of  steel  and  brass,  connected  on  an  ingenious  plan, 
possess  a  decided  advantage,  because  the  measurement  is  not  car- 
ried on  by  a  contact  of  the  ends,  as  in  Boy's  glass  rods,  or  the 
French  metallic  rods,  with  sliding  languettea^  but  by  ascertaining 
their  coincidence  from  fine  points  on  platina,  with  powerful  micro- 
scopes, having  cross  wires  in  their  foci,  in  a  manner  similar  to  the 
coincidence  of  verniers,  or  rather  to  the  examination  of  the  divisions 
of  astronomical  circles,  by  powerful  reading  microscopes.  These 
microscopes  are  placed  on  compensating  bars  also,  like  the  measur- 
ing rods;  while  all  these  bars  themselves  have  been  accurately 
tested  by  actual  experiment,  and  found  correct.  It  was  in  this  way 
that  the  base  line  on  the  shores  of  Lough  Foyle,  in  Ireland,  was 
measured — the  most  accurate  operation  of  the  kind,  perhaps,  hitherto 
performed.* 

For  purposes  of  considerable  accuracy,  10  feet  fir-deal  rods  will 
be  found  very  convenient.  These  ought  to  be  at  least  three  in 
number,  painted  different  colours,  BAtohitej  redj  and  blue^  to  prevent 
mistakes  in  recording — two  always  lying  in  position,  while  the 
third,  or  hindmost,  is  removed  to  the  front.  They  should  be  pre- 
viously baked  in  a  cast-metal  tube,  whence  they  are  to  be,  when 
ready,  transferred  to  another  similar  tube,  full  of  boiling  oil,  or  var- 
nish, to  prevent  the  effects  of  the  atmosphere  from  changing  their 
length  by  heat  and  moisture.  The  ends  ought  to  be  shod,  or 
covered  with  a  hemispherical  steel  cap,  to  a  radius  of  curvature  of 
half  the  length  of  the  rod,  to  avoid  as  much  as  possible  errors  in 
lengthif 

*  Jl  fiill  description  of  these,  accompanied  by  numerous  figures  and  plates,  with 
an  account  of  experiments,  angular  measures,  Ac.,  connected  with  the  measure- 
ment of  this  base,  and  the  formulae,  rules,  and  tables  used  in  the  subsequent  survey, 
was  published  in  one  volume  quarto,  by  the  Board  of  Ordnance,  in  1847,  of  which 
the  author  was  presented  with  a  copy  by  order  of  the  Board,  and  it  deserves  the 
consideration  of  all  those  engaged  in  similar  operations. 

f  When  the  radius  of  curvature  of  each  cap  is  equal  to  half  the  length  of  the  rod, 
each  circular  arc  is  a  part  of  a  circle,  which  renders  it  immaterial  whether  the  whole 
rod  be  exactly  in  line  or  not,  if  its  centre  is. 
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When  a  difference  of  elevation  in  the  course  of  the  measare- 
ment  suddenly  takes  place,  the  contact  with  the  vertical  line  must 
be  effected  by  a  plumb-line,  suspended  so  as  to  touch  tiie  extremi- 
ties of  the  adjacent  rods,  allowance  being  made  for  the  thickness  of 
the  wire  or  thread  which  suspends  the  plummet.  For  ordinary 
purposes,  a  well-constructed  steel  chain  is  the  most  convenient,  wh»i 
carefully  used,  making  allowance  for  the  expanmon  or  contraction 
of  the  chain,  according  as  the  temperature  is  above  or  below  62^ 
Fahrenheit,  the  standard  of  British  imperial  linear  measures. 

In  this  last  way,  the  measurement  of  a  base  line  at  Brodick, 
in  Arran,  was,  by  tiie  author,  performed  during  the  month  of 
August  in  1843, 1844,  &c.,  for  a  survey  of  tiie  island.  See  Plate 
XXX. 

The  mean  temperature  was  54''  Fahrenhdt  nearly,  and  the  mean 
inclination  of  the  base,  9  68", 

The  base,  from  necessity,  was  composed  of  three  different  por- 
tions, connected  and  reduced  to  a  straight  line  by  means  of  tHe 
angles  of  inclination  of  the  different  parts ;  though,  when  practic- 
able, it  is  better  to  choose  it  all  in  one  straight  line. 

FIGURE  OF  THE  BASE. 

A  B  ^    677  feet  by  direct  measarement. 

AF^   387andFAB  =  108    2  18.35 

E F  =  1409.6     A FE  =  121  13  20.00 

r 

62 — 64  =  8**  below  the  standard. 

Correction  for  Temperature  =  0.00000694  x  8  «  0.0000666  — 

„         for  inclination  of  base,  9'  68"  versine  -  0.0000042  — 

Tear  and  wear  of  chain,  .  .  -  0.0004800  + 

Irregularity  of  ground,  .  .  -  0.0019200  — 

Total  correction,  .  .  .  =  0.0014997  — 

Hence,  677     —   677     x  0.0016  =.  A  B  corrected,  «=       676.22  feet 
387     —  '387      X  0.0016  =  A  F    .  «        387.66 

1409.6  ^  1409US   X  0.0016  »==  EF     .  »      1407.88 

The  base  was  only  abont  15  feet  above  the  mean  level  of  the 
sea,  and  therefore  requires  no  reduction  to  that  level. 

(1.)  In  the  triangle  FAB,  there  are  given  the  sides  A B, 
A  F,  and  the  contained  angle  F  A  B,  to  determine  the  angle 
AFB=47M0'  27'.62;  tiie  angle  ABF=24^  4?  14M3; 
and  B  F  =  876.68  feet. 
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(2.)  In  the  triangle  A  F  E,  there  are  given  the  sides  A  F  and 
F  £,  and  the  contained  angle  A  F  £,  to  find  the  angle 
F  AE  =47''  9'  46\26;  F  E  A  =  ir  36'  53\74;  and  the  side 
A  E  =  1641.87  feet. 

(3.)  FAE  +  FAB=EAB=155M2'4'.61. 

(4.)  AFB  +  AFE=EFB=  168^23'47\52. 

(5.)  In  the  triangle  B  A  E,  there  are  given  the  sides  A  E  and 
A  B,  with  the  contained  angle  E  A  B,  to  find  the  angle 
A  B  E  =  17''  3?  65^78,  and  A  E  B  =  7°  9'  59^62 ;  and  the 
side  B  E  =  2273.497  feet. 

(6.)  The  same  thing  maj  be  done  from  the  triangle  E  F  B,  by 
the  sides  E  F,  B  F,  and  the  contamed  angle  E  F  B,  which 
give  F  B  E  =  7"  9'  18\36;  F  E  B  =  4«  26'  54M2;  and 
E  B  =  2273.497  feet  as  before. 

4.  From  the  extremities  of  this  accurately  measured  base,  angles 
are  taken  with  the  theodolite  to  other  properly  selected  points,  and 
thence  extended  over  that  portion  of  the  country  to  be  surveyed — 
the  triangles,  for  the  sake  of  accuracy,  being  chosen  as  nearly  equi- 
lateral as  possible.  The  number  of  triangles  should  be  as  faio  as 
the  nature  of  the  ground  and  the  power  of  the  instrument  will 
admit. 

5.  The  measurement  of  an  arc  of  the  meridian  generally  either 
accompanies,  or  is  derived  firom,  the  operations  connected  with  the 
survey.  For  this  purpose,  thp  position  of  the  meridian,  passing 
through  one  of  the  extremities  of  the  base,  or  some  of  the  angular 
points  of  the  series  of  triangles,  must  be  determined  by  a  good  theo- 
dolite, an  astronomical  circle,  or  by  one  of  the  best  transit  instru- 
ments. Then  the  angle  which  some  of  the  sides  of  the  adjacent 
triangles  makes  with  the  meridian  must  be  accurately  measured, 
firom  which  the  bearings  of  all  the  sides  of  the  connected  series  of 
triangles  may  be  found,  in  order  to  obtain  either  an  arc  of  the 
meridian,  or  to  find  the  latitudes  and  longitudes  of  prominent 
points  in  the  course  of  the  survey. 

The  same  operations  must  be  repeated  for  the  purpose  of  verifi- 
cation at  the  termination  of  the  series,  or  oftener,  if  the  survey  be 
of  great  extent.  K  the  survey  includes  regular  observatories  of 
established  reputation,  advantage  may  be  taken  of  them  to  deter- 
mine the  true  bearing  of  the  adjacent  sides. 

6.  The  latitudes  of  the  extremities  of  the  arc,  or  of  two  points 
adjacent  and  trigonometrically  reduced  to  them,  must  be  deter- 
mined by  the  astronomical  circle,  or  otiier  proper  instrument,  from 
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numerous  observations  on  the  same  stars,  at  the  same  time  as 
nearly  as  possible,  so  that  any  small  error  in  the  mean  places  of  the 
stars,  or  in  the  necessary  reductions,  may  be  thus  avoided.* 

7.  There  are  three  d^erent  methods  of  making  the  usual  calcu- 
lations of  the  sides  and  angles  of  the  triangles — ^the  first,  by  treat- 
ing them  as  spherical  triangles ;  the  second,  by  reducing  the  angles 
of  the  arcs  to  those  of  their  chords ;  and  the  third,  the  easiest  of  the 
three,  and  sufficiently  accurate  for  every  practical  purpose,  is  to 
deduct  one-third  part  of  the  spherical^  or  more  strictly  speaking 
the  spheroidal  excess^  (though  the  difference  is  usually  insensible ;) 
that  is,  the  excess  of  the  three  spherical  angles  above  two  right 
angles,  and  using  the  remainders  in  the  calculation,  which  give  the 
lengths  of  the  opposite  sides  sensibly  the  same  as  that  by  spherical 
trigonometry,  or  by  a  reduction  to  the  chords,  with  much  less 
trouble.  In  this  last  case,  it  ought  to  be  recollected  that  the  ver- 
tical spherical  angles,  before  deducting  one-third  of  the  spherical 
excess,  are  equal ;  but  generally,  unless  the  triangles  be  very  small, 
after  deducting  the  spherical  excess,  they  are  unequal,  if  the  tri- 
angles to  which  they  respectively  belong  be  unequsd,  since  the 
spherical  excess  is  proportional  to  the  magnitude  of  the  triangle. 
The  angles  so  deduced  are,  for  the  sake  of  distinction,  called 
mean  angles, 

8.  To  estimate  the  corrections  to  be  applied  to  horizontal  angles, 
measured  on  the  surface  of  the  earth,  at  any  point  of  observation, 
let  m  be  the  arithmetical  mean  of  the  whole,  and  the  seconds  of 
reading  a,  ^,  s^,  &c.,  and  rejecting  from  each  observation  the  same 
quantity,  giving  the  results,  if  more  convenient,  a  negative  sign ; 
then  m  —  «,  m  —  «',  w  —  «",  &c.,  are  the  differences  of  the  indivi- 
dual observations  from  the  mean ;  and  the  weight  of  the  detenmna- 
tion,  as  it  is  technically  called,  or  of  the  average  m,  is  equal  to  the 
square  of  the  number  of  observations,  divided  by  twice  the  sum  of 
the  squares  of  the  errors,  as  shown  in  the  usual  treatises  on  proba- 
bilities, especially  by  Gauss,  according  to  the  following  formula: — 

.  *  About  the  2l8t  of  Augxist  1840,  when  I  observed  at  Inchkeitli  the  declinatioii 
of*  Aquilas,  as  given  in  the  Connamanee  det  Tewp$,  it  exceeded  that  in  the  Naytioal 
AlfBanae  by  2^",  while  that  of  Polaris  agreed  nearly.  Would  this  have  been  believed 
in  the  present  state  of  practical  astronomy?  For  1848  the  difference  is  S",  ap- 
parently increasing  with  an  opposite  sign,  making  a  diBference  of  their  relative 
declination  in  1840  and  1848  equal  to  the  sum  of  these,  or  5^"  I  What  confi- 
dence is  to  be  placed  in  the  annual  parallax  of  the  fixed  stars,  amountiDg  to  about 
a  tenth  of  this,  when  such  discordances  are  to  be  foimd  in  standard  caUUoguet^  In 
the  Connaisaanee  de$  Tempi  for  1849,  however,  a  new  catalogue  of  115  stars  is 
given,  from  the  observations  of  Greenwich  and  Paris  chiefly,  agz^eiDg  veiy  doeely. 
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Vj 

in* 

(m — b)  *  +  (m — s')  ■  +  (m — s")  " 

The  quantities  x^  y,  and  z^  are  called  the  weights  of  the  observa- 
tions made  at  each  angle  of  the  triangle.  The  error  in  the  sum  of 
the  three  angles  of  the  triangle  is  then  divided  into  three  parts, 

proportional  to  the  reciprocals  of  the  three  weights,  or  to  —  — 

and  -J  which  must  be  applied  to  the  three  angles  of  the  triangle 

ABC,  respectively,  as  in  Example  2.  The  reciprocals  of  the 
squares  of  the  number  of  observations  would  give  the  same  result 
nearly.  In  this  manner  the  weight  is  found  for  each  angle ;  and 
the  error  of  the  three  angles  of  the  triangle  is  the  difference  be- 
tween the  sum  of  the  three  angles,  of  which  each  is  the  mean  of 
the  observed  angles,  and  180®  +  f  is  divided  into  three  parts,  pro- 
portional to  the  reciprocal  of  the  weights,  which  parts  form  the 
corrections  to  be  applied,  according  to  their  signs,  to  the  angles  to 
which  they  respectively  belong.  We  have  then  the  three  corrected 
spherical  angles,  the  sum  of  which  is  exactly  180°  +  «,  in  which  i  is 
the  small  quantity  called  the  spherical  excess,     b         c         a 

9.  Eocamph  1. — ^Let  A  be  East  Lomond 
in  Fifeshire,  B  Bencleuch  in  the  Ochils,  and 
C  the  Calton  Hill  at  Edinburgh. 

Obseired  Angles. 

A  =>  83  55  4i6.06  by  7  observaiions. 
B  =  45  38  55.19  by  6  observations. 
C  =  50  25  15.83  by  20  observations. 


Sum  =  179  59  57.08 
180  +  f  =  180    0    2.79 


Error  5.71 

Though  the  preceding  method  (§  8)  be  more  strictly  scientific, 
yet  for  ordinary  purposes  this  error  may  be  distributed  among  the 
angles  simply  as  the  reciprocal  of  the  number  of  observations, 
thus: — 
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\  =  0.143 ;  and  0,360  :  5.71 
i  -0.167 
A  «  0.060 


0.360 


: :  0.143  :  correction  of  A  +  2.27 
0.167  :  correction  of  B  +  2.66 
0.060  :  correction  of  C  +  0.79 


The  whole  correction  +  6.71 


Hence 


A 
B 
C 


t* 


83  66  48.33  corrected. 
46  38  67.84 
60  26  16.62 


180     0    2.79 


If ow,  if  from  each  of  these  one-third  of  •,  or  one-third  of  2''.79, 
be  subtracted,  there  will  remain  for  the  mean  angles 


A 
B 
C 


M 


83  66  47.40 
46  38  66.91 
60  26  16.69 


Sum— f  =  180  0  0.00 

Also  the  length  of  the  arc  in  feet,  opposite  the  angle  A,  is 
146335.0. 


U  As  sin  A  83  66  47.40 
Ib  to  sin  B  46  38  66.91 
So  is       a      146336.0  feet 


To 


106230.2  feet 


9.9976681 
9.8643601 
6.1663483 

6.0221403 


2.  As  sin  A  83  66  47.40 
Is  to  sin  C  50  26  16.69 
So  is         a    146336.0  feet 


To 


e    113423.3  feet 


almost  as  exact  as  the  more  complex  method.* 


9.9976681 
9.8869119 
6.1663483 

6.0647021 


*  The  logarithmic  tables  we  would  recommend  for  these  calculations  are  Captain 
Shortrede'a  first  impression  in  1844-^1:>ecau8e,  in  our  opinion,  one  half  of  the  time 
arguments  have  been  injudiciously  struck  out,  thus  obliging  the  surveyor  to  recom- 
pute them  constantly,  while  the  proportional  parts  to  himdredths  of  seconds  are 
rendered  useless.  For  the  more  common  calculations,  0albraUh*8  Mathematieal 
Tablet  will  be  found  generally  usefuL 
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Example  1. — Corrected  by  the  method  of  the  reciprocal  of  the 
squares  of  the  number  of  observations. 


//  // 


/*       =  0.02246.  0.06SJ73  :  -I-  6.71  : :  0.02246  :  +  2.43 

it       =  0.02778  0.02778  :  +  3.01 

tU       =  0.00260  0.00260  :  +  0.27 


2  =  0.06273 

Obserred  Angles.    Cor.  Spherical  Angles.  Mean  Anglei. 

A  «  S3  66  46.06  +  2.43  »  03  66  4U3.49  83  66  47.66 

B  =  46  38  66.19  +  3.01  :»  46  38  68.20  46  38  67.27 

C  =  60  26  16.83  +  0.27  =  60  26  16.10  60  26  16.17 


179  69  67.08   6.71    180  0  2.79     180  0  0.00 

I  =  2.79 
i  f  «  0.93 

These  would  give  I  ==;  105230.29,  and  o  =  113423.0  feet. 

Example  2. — Let  A  be  Benlomond  in  Stirling- 
shire, B  Caimsmuir  upon  Deuch  in  Galloway,  and 
C  Knocklayd  in  Antrim,  in  Ireland,  we  shall  haye, 
bj  the  more  complex  method  (§  8)  of  distributing 
the  errors 

Obierred  Angles. 

A  =    66  43  2)3.68  by  3  obsenrationB. 
B  z=    79  42  28.69  by  1  obserration. 
C  =    43  34  36.89  by  2  observations. 

Sum  »  180    0  34.16 

A  by  Ist  obs.  66  ^  29.97  b 
2d     „  27.04  8 

3d    „  28.72  « ' 


6Q  43  28.68 


//  // 


Hence        m— «  =  +  1.39.  (m^-9  )*  ^  1.9321        N   «  3 

=  —  1.64^  (w-^')*  =  2.3716         N«  =  9 
=  +  0.14,  (f»-*')*  «  0.0196 


S"«  ...        4.3233 

2?-  =  sieieS  =  ^-^^  =  ^^^«^*'  and  ^  =  0.9607  =  the  recip- 
rocal of  the  weight    In  like  manner 
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C  iBt  obs.  43  34  38.36  s 
2d    ,,  S6.43S 


»  43  34  36^95 
m— »    s  +  1.466,  (m— «)'  =  2^1462,    N   =  2 


in_^'  =,  ««  1.465,  («—*')"  =  2.1462,    N«  =  4 


S^    =         .         .         .         .         4.2924 


N*         ^  .^^^  .  ,  .       _     .  ,  2S« 


~  =  0.4660  =  weight,  Eeciprocal  ^  =  2.1462.  There  be- 
ing only  one  observation  of  the  angle  B,  its  weight  cannot  be 
computed  like  those  of  the  other  angles.  Its  weight  must  either  be 
assumed  or  estimated  bj  a  comparison  with  those  of  the  other 
angles.  As  the  reciprocals  of  the  weights  in  the  other  two  angles 
are  inversely  as  the  squares  of  the  number  of  observations  nearly, 

•  2  S* 

this  may  also  be  estimated  m  the  same  ratio,  and  — ^  =  8.6155 

nearly.*  Whence  the  sum  =  0.9607  +  2.1462  +  8.6155  =  11.7224 
=  2^,  according  to  which  the  error  must  be  applied  by  distributive 
proportion  as  in  last  example. 

The  spherical  excess  must  now  be  computed  by  the  formula 

,"  =  51?_F»a8inr  .        .        .        (1.) 

in  which  a  is  the  area  of  the  triangle  in  square  feet,  F  the  factor 
from  Table  XIX.  to  convert  feet  into  arcs.  If  the  mean  radius  of 
curvature  of  the  earth  be  taken,  which,  for  moderate  triangles,  will 
be  sufScient,  formula  (1)  becomes 

•'' =  2122I0066  ^^*'^y         •        •        •        (2-> 

The  log  of  2122300000  is  9.3268079,  and  ite  arithmetical  com- 
plement is  0.6731921,  a  constant  log,  to  which  the  log  a,  the  log 
of  the  area  of  the  triangle,  being  added,  will  give  the  log  of  f'',  the 
spherical  excess  in  seconds,  to  be  applied  as  formerly  indicated. 
For  2  a  const,  log  =  0.372162.  t 

•  0.9607  X  8«  «  0.9607  x  9  =  8.6463 
2.1462  X  2>  »  2.1462  x  4  «  8.5848 

Mean  to  1'  or  1 
t  For  a  in  toi$ei,  const,  log,  8.28482, 

a  in  metres,  const,  log,  8.7051 8| 


=  8.6155 
2a 

C.  L.  «=  9.98880 

2a 

C.L.»  9.40416 
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Whence  the  spherical  excess  amounts  to  1"  in  about  76  square 
miles. 

From  this  an  easy  rule  may  be  derived  to  find  the  spherical 
excess  by  a  simple  calculation,  or  even  by  the  common  sliding  rule, 
from  a  plan  of  the  triangles,  to  which  a  scale  of  miles  IB  adapted  for 
measuring  the  base  and  perpendiculars  in  an  approximate  manner. 

Set  152,  on  the  sliding  line  of  numbers,  to  the  base  of  the  triangle 
in  miles  on  the  fixed  line,  then  opposite  to  the  perpendicular  on  the 
slide  will  be  found  the  spherical  excess  in  seconds  and  decimals  on 
the  fixed  line,  true  to  nearly  two  places  of  decimals  in  moderate 
triangles.  Thus,  in  Example  1,  p.  323,  set  152  on  the  slide  to  the 
distance  of  Calton  from  Bencleuch,  28  miles,  measured  from  the 
scale  to  Plate  XXIX.,  then  opposite  to  the  perpendicular  on  this 
from  East  Lomond,  15  miles,  on  the  slide  will  be  found  2''.77  on 
the  fixed  line,  nearly  the  same  as  stated  in  the  example. 

The  lines  marked  A  and  B  on  the  common  carpenter's  sliding 
rule  are  sufficient  for  this  purpose,  when  the  triangle  is  not  very 
great. 

The  triangle  now  under  consideration  being  large,  the  more 
accurate  formula  (1)  will  be  employed  to  fibd «". 

To  mean  latitude  of  the  triangle  L,  about  55^''  N.,*  and  azimuth 
45°,  there  will  be  found,  by  the  aid  of  Table  XIX.,  &c.. 

Log  4  sin  1"  ...  4.384545 

2  £»g  F  (Table  XIX.)  to  4  (/  +  T  +  O  5.986630 

B  =  79'  42'  28".7,  sin  '  .  .  9.992955 

side  a  »  426794  feet,  log  .  .  5.630402 

side  c  —  352038  feet,  log  .  .  5.546589 


•"  =  34".763,  log  .             .             .  1.541121 

4  «"  =  11  .588  ... 

By  calculation  f  is  .             .             .  34.763 

By  observatioxi  it  is  •             .             •  34.160 


Error  of  observation    .  .  .  0.603 

to  be  distributed  among  the  observed  angles  in  the  ratio  of  the 
reciprocals  of  their  respective  weights. 

*  1.  Benlomond,  Z    «    56  ll  27^7  N. 

2.  Caimsmuir,  T    «=    55  15  24.4  N. 

3.  Knocklayd,  r  »    55    9  46.7  N. 

I  ^V  J^r  =^  166  86  88.8 
L  =  4  («  +  r  +  r )  =    55  82  12.9  K. 
If  extreme  preciinon  be  required,  the  Bpberical  excess  may  be  recomputed  with 
the  ooirected  angles  and  sides. 
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// 


As  11.7224  :  —0.603  : :  0.9607  :  +  0.050 

: :  2.1462  :  +  0.111 
: :  8.6166  :  -»-  0.442 


Sum  = 0.603 

Hence  the  following  spherical  angles  will  be  obtained: — 


H 


A  »  66  43  28.68  +  0.06  ==  66  43  28.63 
B  =».  79  42  28.69  +  0.44  =»  79  42  29.13 
C  =.  43  34  36.89  +  0.11  »    43  34  37.00 


Corrected  sam»  180*4-  i  =  180    0  34.76 

It  most  therefore  be  remembered  that  each  of  these  angles  is 
equal  to  its  opposite  vertical  angle,  and  not  those  diminished  by  the 
effects  of  the  spherical  excess  which  immediately  follow. 

If,  from  eadi  of  the  spherical  angles  thus  determined,  one-third 
of  the  spherical  excess  be  deducted,  the  remainders  will  be  the 
mean  angles,  which  are  to  be  employed  in  calculation,  as  in  ex- 
amples 1  and  2,  pages  323  and  325,  or  combined  as  follows : — 

As. 66  43  28.63  — U.69«r 66  43  iV.04 
B»79  42  29.13— 11.69 1^79  42  17.64 
C=43  34  37.00  — 11.68  »- 43  34  26.42 


Sam  .         .         .         180    0    0.00 

Log  arc  c  in  feet » log  362037.62  •  6.6466891  a 

Log  sin  A  66<'43'l7^04  .  9.9222127/3 

Log  Bin  B  79  42  17  .64  .  9.9929611  Y 

a  .  c  .  log  sin  C    43  34  26  .42  .  0.1616997  d 

Log  arc  a  426974.06  feet       .  ,    6.6304016  a  +  /3  +d 

Log  arc  6  602604.47  feet        .  .    6.7011399  a  +  y  +6 

In  tha  Trigonometrical  Survey,  this  operation  is  performed  by 
reducing  the  spherical  angles  to  those  of  the  corresponding  chords, 
which,  in  this  large  triangle,  would  give  precisely  the  same  results. 
That  method  requires  considerably  more  labour  without  almost 
any  corresponding  advantage,  and  is  now  very  generally  abandoned. 
Since  the  observations  by  which  the  angles  in  Example  1  have 
been  determined  were  about  six  times  more  numerous  than  those 
in  the  second,  while  the  error  in  the  former  is  nearly  Un  times 
greater  than  that  in  the  latter,  it  seems  that  the  laborious  calcula- 
tions depending  upon  the  doctrine  of  probabilities  in  such  cases 
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may  be  very  well  saved,  and  that  the  method  of  distributing  the 
errors  proportionallj  to  the  redprocals  of  the  number  of  observa- 
tions, as  in  the  first  case,  is  quite  sufficient.  In  the  present  case, 
the  mean  angles  would  be  A«56«  43'  17M0,  B«79«  42'  17\  43, 
and  0=43''  34'  25".  47,  which  would  give  results  not  differing  much 
from  the  preceding. 

10.  The  centre  of  the  instrument  should  always,  when  possible, 
be  placed  in  the  vertical  line  occupied  by  the  axis  of  the  signal. 
When,  however,  this  eannot  be  convenientiy  done,  the  observed 
angles  must  be  reduced  to  it  by  an  appropriate  formula. 

Let  APB  be  the  observed  angle  to  be 
reduced  to  ACB,  that  at  the  axis  of  the 
signal  C. 

For  this  purpose  it  is  necessary  to 
measure  the  dbtance  CP.  Let  the  angle 
APB-P,  BPC-=p,  the  angle  of  direction 
reckoned  from  the  observed  object  on 
the  left  to  the  axis  of  the  signal  CP— ^, 
A  C  »r  the  distance  to  the  right^  and 
BC-"Z  the  distance  to  the  left^ 

Then  c-P-R"^{5^^>-^}      .       .       .        (3.) 

or  C  — P  =  R"<^8inPBin(A— ;?)-5-r8inA       .         .         (4.) 

in  which  R"  is  206264''.8,  the  arc  equal  to  the  radius  in  seconds. 

When  the  tiieodolite  cannot  be  convenientiy  placed  at  the  same 

height  as  the  top  of  the  signal  observed,  the  correction  of  the  zenitii 

distance  will  be 

,.     R"(fABind    Bf'dh       ,  f^\ 
5 "•      PI     nearly          •         .        .    (5.) 

when  a  differs  littie  from  90"*,  in  which  ^  is  the  observed  zenitii 
distance,  dh  the  difference  between  the  height  of  the  centre  of  the 
circle  and  the  point  observed,  and  D  the  distance.  When  the 
theodolite  reads  altitudes,  and,  as  is  usual  in  this^  country,  the  tele- 
scope has  a  small  eccentricity,  of  which  the  value  is  (2  A  in  the 
same  measure  as  D,  then  (2  a"  being  the  correction  in  altitude, 
measured  by  the  instrument  in  seconds 

aar= ^^"^ — nearly.     .         .         .    (6.) 

when  a  is  smaU  and  P  great,  and  tiie  height  of  the  instrument  above 
the  ground  is  accounted  that  of  the  axis  of  the  vertical  circle. 
When  the  centre  of  the  station  C,  the  point  of  observation  P,  and 
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the  ugnal  observed  as  A,  are  not  all  tbree  in  the  same  vertical 
plane,  then  as  in  last  formula,  designating  the  angle  of  direction 
APC==/>,  and  ^  being  the  zenith-distancci 

•  ^_^  Bf  d  h  cos  p  cos  d  .^ . 

The  same  formula  are  applicable  when  the  centre^  of  the  station 
is  either  before  or  behind  the  signal. 

In  these  fonnulse  the  signs  of  the  trigonometrical  quantities 
must  be  carefully  attended  to. 

Example  1.  Let  P-65«  41'  6".5  j^-lSl**  35'  13".5,  rf=155  feet, 
r=33329.8  feet,  and  Z=  74707.5  feet;  required  the  reduction  of  P 
to  C  by  formula  (3)  ? 

LogR''         .         .         .       6.814425 
Logd  ...       2.190332 

+  7.504767  —  7.604767 

P  +/>=247**  16'  20*  wn  — 9.964896 p=18P  36'  13''.6  sin  — 8.442422 
a  .  c.  log  r  .         •  4-  6.477167  a  .  c  .  log  /  •         +  6.126636 


Ist  term— 884\8  log     —2.946820   2  term  4-  ir.8log  +1.073816 
2d  term    +     11  .8 


CcrP 

—  873.0=— 14' 33^.0 

P     = 

66»41    6.6 

C     = 

66  26  33  .6  corrected. 
By  formula  (4.) 

LogR"     .                .        . 

6.314426  + 

A         =  +  88''    4' cosecant 

0.000247  + 

A— p=      93  31   sine      . 

9.999181  — 

P         =+  66  41   sine      . 

9.969664  + 

d  =  166  feet  log       . 

2.190332  + 

-  r  =  33329.8  het,  a  .  c.  log 

6.477167  + 

— 14'  33"  =  —873"  log  2.941006  — 

as  before. 
Both  formulae  may  be  used  as  a  verification  of  each  other. 

Ex.  2.  From  Allington  Knoll  the  staff  on  Tenterden  Steeple 
had  a  depression  of  3'  51'.0,  or  »-90^  3'  51".0,  and  the  top  of  the 
staff  was  3.1  feet  higher  than  the  axis  of  the  instrument  when  at 
that  station.  On  Tenterden  Steeple  the  ground  at  Allington  EnoU 
was  depressed  3'  35".0,  or  «'«90'  3'  35".0,  and  the  axis  of  the  in- 
strument when  at  this  station  was  5.5  feet  above  tiie  ground ; 
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required  the  corrections  of  the  observed  zenith-distances,  the  lineal 
distance  between  the  stations  being  61781.8  feet? 

By  formula  (5.) 

Log  R''  .         6.314425  .         .  .         5.814425 

a .  e .  log  D  .         5.209139  .         .         .         5.209169 

dh=  +  3.1  feet  log  +  0.491362,  <f  A=— 5.5  feet  log  —0.740363 

<i=:+  10".35      log  +  1.014926  dd  =  —  18".36  log  — 1.263957 
the  corrections  of  the  zenith  distances  suffidentlj  accurate  hy  the 
more  simple  formula,  since  d  and  d'  are  so  near  90^ 

When  these  corrections  are  to  be  applied  to  the  angles  between 
the  verticab  of  two  given  points,  they  may  be  combined  as  fol- 
lows : — 

LogR'' 5.314425 

dh  +  dh'=^Q.l  —5.5  =2.4  feet  log     —  0.380211 
a .  c .  log  D  .         .         .         ...     5.209139 

«+y  =  — 8".021og        .         .         .  —0.903775 

the  same  as  rfd+rf«'=  +l(y.35— 18\36=— S'.Ol,  of  which  the 
application  will  be  subsequently  shown  or  required  in  reducing 
observations  to  the  axis  of  the  instrument,  or  from  the  signal  to 
the  ground. 

Ex.  3.  A  pole  12  feet  high,  was  placed  on  the  top  of  Bencleuch, 
at  the  distance  of  146335  feet  from  the  Calton  Hill,  Edinburgh; 
What  angle  would  the  pole  subtend  at  the  Calton? 

12  R" 
By  fommla  (5)  we  have  d  ^=  145035  ""  16.''3914 

Ex.  4.  At  the  Calton  station,  the  angle  between  the  East 
Lomond  and  Kellie  Law  was  observed  to  be  41^  33'  23''.04  from 
pile  to  pile.  A  pole  was  placed  to  the  eastward  of  the  pile  6  feet 
perpendicularly  to  the  line  joinmg  Calton  and  East  Lomond;  what 
was  the  change  of  the  angle  at  Calton  produced  by  this  change  of 
position,  the  distance  from  Calton  to  East  Lomond  being  89704.5 
feet? 

ByfonnDla(5)  <^  ^-sS^*— ^*    0' 13^.80 

89704.5       41    33  23  .04 


Reduced  angle,     .         .         .        41  33    9 .24 

Ex.  5.  At  the  Calton  station,  what  angle  will  a  pole  1  foot  in 
diameter  subtend  on  Aller  Muir,  at  the  distance  of  28667.93  feet  ? 

By  formula  (5)  d  «  ^^^^^7:m 
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Ex.  6.  Suppose  the  smallest  angle  at  which  two  lights  can,  by 
the  naked  eye,  be  seen  distinctly  separate  is  3'  20''=200',  dien 

200^^  200^^  nearly =1031.  Hence,  the  nautical  mile  being  about 
6086  feet,  then  6086-=-1031,or  even  1000,  gives  6.086  feet,  the  direct 
distance  between  two  vertical  or  horizontal  lights  when  they  can 
be  seen  distinctly  separate  at  the  distance  of  one  nautical  or  geo- 
graphical mile.  This  doubled  will  be  that  at  two  miles,  &c.  From 
this  it  appears  two  lights  will  appear  separate  when  the  distance 
between  them  is  one-thousandth  part  of  the  observer's  distance 
from  them. 

Ex.  7.  The  distance  of  Brown  Carrick  Hill  from  Ayr  Spire  is 
26556  feet — ^the  new  spire  is  20  feet  to  the  eastward  of  the  old; 
what  would  be  the  change  of  the  angle  at  Brown  Carrick  Hill, 
referred  successively  to  the  new  and  old  spires? 

D  26656 

11.  In  measuring  horizontal  or  vertical  angles  in  reference  to 
terrestrial  objects,  if  the  atmosphere  is  not  sufficientiy  clear,  it  is 
difficult  to  intersect  the  signaLs  with  the  necessary  accuracy.  In 
this  case,  an  instrument  called  a  heliotrope  is  generally  used  to  reflect 
the  Sim's  image  in  the  direction  of  the  observer.  I  have  found  the 
usual  reflecting  horizon  of  coloured  glass  set  in  a  frame,  turning  on 
a  horizontal  and  on  a  vertical  axis  to  obtain  any  requisite  inclination, 
very  convenient  for  this  purpose.  The  proper  direction  of  the 
sun's  image  may  be  given  by  a  circular  piece  of  polished  block  tin 
or  brass,  with  a  circular  hole  of  three  or  four  inches  in  diameter  in 
it,  stuck  in  the  groove  of  the  usual  offset-stafi^,  through  which  hole 
the  station  of  the  observer  must  be  seen,  while,  by  reflection  from 
the  glass,  the  ring  of  the  perforated  disc  must  be  iUuminated. 

12.  To  conduct  a  series  of  observations,  either  on  land  or  at  sea, 
for  the  purposes  of  surveying,  &c.,  the  following  general  remarks 
will  be  found  useful. 

1^,  To  record  the  state  of  the  barometer  and  thermometer  three 
or  four  times  a-day,  more  especially  when  making  observations. 

2**,  To  take  altitudes  carefully  on  objects  useful  for  time,  &c., 
from  three  to  six  hours  distant  from  the  meridian. 

3^,  To  find  the  error  of  chronometer  as  often  as  possible,  to  be 
able  to  compute  the  correct  time  of  transit  of  the  sun,  stars,  &c., 
by  it,  for  latitude  by  circum-meridian  altitudes,  &c. 

4®,  To  observe  objects  having  equal  altitudes  nearly,  to  the 
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north  and  south  of  the  zenith,  to  destroy  the  effects  of  errors  in  the 
instroments  employed,  such  as  bias  of  axis,  errors  of  division, 
glasses,  artificial  horizon,  &c.  The  same  method  should  be  pursued 
for  the  accurate  determination  of  time  by  selecting  objects  to  the 
east  and  west. 

5°,  In  the  case  of  marine  surveys,  to  observe  on  land  as  often 
as  safe  and  convenient,  with  the  best  instruments  for  time,  latitude, 
and  longitude,  by  lunars,  moon-culminating  stars,  occulations,  &c. 

6%  To  choose  a  station  somewhat  elevated,  free  from  woods, 
jungle,  &c.,  so  that,  with  ordinary  care,  surprise  by  the  natives  will 
be  impossible  or  difficult. 

7^,  To  take  magnetic  bearings  of  well-defined  and  conspicuous 
objects  whenever  practicable,  from  points  well  determined  in  lati- 
tude and  longitude.  If  convenient,  angular  observations  with  the 
theodolite  and  other  instruments  would  be  better. 

8°,  To  repeat  your  observations  if  possible  at  least  three  times, 
to  guard  against  mistakes,  which,  even  with  the  greatest  care  and 
experience,  will  sometimes  happen.  To  make  one  or  more  assis- 
tants take  observations  along  with  you,  and  to  receive  their  reports 
without  communicating  your  own.  J£  there  be  such  a  difference 
as  to  indicate  a  decided  fault  somewhere,  the  observations  ought  to 
be  repeated  till  the  cause  of  the  discrepancy  be  removed. 

9^,  To  make  such  calculations  only  as  may  be  absolutely  neces- 
sary to  carry  on  a  connected  series  of  useful  observations* 

10'',  To  keep  regular  and  clearly  written  note-books,  on  a  sys- 
tematic  plan,  in  wWch  everytliing  is  recorded ;  so  that  you  or  any 
mathematician  or  astronomer  may  be  enabled  to  deduce  fair  con- 
clusions at  any  friture  period.  These  books  must  be  all  properly 
ruled,  titied,  and  numbered,  for  future  reference.  Marks  and 
abbreviations  should  be  all  carefully  recorded  and  explaLued. 

13.  These  general  views  being  premised,  it  will  now  be  necessary 
to  enter  into  the  practical  details.  It  is  hardly  possible,  in  these 
operations,  to  divest  the  formulsB  entirely  of  an  algebraical  charac- 
ter in  some  cases,  though  it  will  be  done  as  often  as  possible.  One 
of  the  processes  in  trigonometrical  surveying  is  the  determination 
of  the  latitude.  This  operation  is  most  simply  performed  by  a 
meridian  altitude  or  a  zenith  distance ;  and  if  a  circumpolar  star  be 
selected,  the  result  will  be  independent  of  the  exact  position  of  the 
star,  because  the  latitude,  in  that  case,  is  equal  to  half  the  sum  of 
the  altitudes  of  the  star  above  and  below  the  pole,  corrected  for  tbe 
effects  of  refraction  by  Table  V.  When  a  zenith  sector  like  that 
belonging  to  the  Board  of  Ordnance  is  used,  the  stars  must  be 
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selected  near  the  zenith,  and  consequentlj  little  eiror  is  to  be 
feared  from  the  effects  of  refraction,  while  the  great  power  of  its 
telescope,  and  the  general  accuracj  of  its  construction,  render  a 
single  observation  by  it  a  close  approximation  to  the  truth.  When, 
however,  the  smaller  classes  of  instruments  are  employed,  it  then 
becomes  necessary  to  repeat  the  observations  near  the  meridian, 
reducing  those  taken  at  a  short  distance,  such  as  about  ten  or 
fifteen  minutes,  to  what  they  would  have  been  on  it,  &om  a  know- 
ledge of  its  distance  from  that  circle  in  time,  the  approximate 
latitude  and  declination  of  the  object  observed.  In  this  way  the 
results  from  smaller  instruments  become  nearly  equivalent  to  those 
of  the  greater,  since  as  many  observations  may  be  taken  by  the 
former  in  one  day  as  by  the  latter  in  ten. 

ON  FINDING  THE  LATITUDE. 

14.  The  most  easy  and  ready  way  of  finding  the  latitude  is  by  a 
meridian  altitude  of  a  celestial  body  whose  declination  is  known. 
Should  the  object  have  a  sensible  diameter,  like  the  sun  or  moon, 
the  altitude  or  zenith-distance  of  the  lower  or  upper  limb,  or,  what 
is  superior,  both  are  alternately  observed,  and,  by  the  application 
of  several  corrections,  that  of  the  centre  is  obtained. 

When  reflecting  instruments,  such  as  the  sextant,  repeating 
circle,  &c.  with  an  artificial  horizon,  are  employed,  the  arc  read  off" 
must,  from  the  nature  of  the  instruments,  be  halved  before  the 
corrections  are  applied.  At  sea,  since  the  lower  limb  of  the  sun, 
moon,  or  the  centre  of  a  planet  or  a  star,  is  generally  brought  to 
the  visible  horizon,  the  dip  from  Table  I.  must  be  subtracted  before 
the  corrections  from  Table  II.  &c.  are  taken.  At  land,  a  meridian 
altitude  of  the  sun,  moon,  or  a  planet,  must  be  corrected  for  refirao 
tion,  parallax,  and  semidiameter,  but  not  for  dip.  At  sea,  the 
same  corrections  are  applied  after  the  dip  has  been  subtracted.  All 
these  may  be  found  by  the  following  tables  and  the  Nautical 
Almanac.  The  refraction  constitutes  the  whole  correction  of  a 
fixed  star  at  land.  At  sea,  the  dip  must  be  previously  subtracted.* 
If  the  instrument  does  not  give  the  zenith-distance,  it  may  be  found 
by  taking  the  complement  of  the  altitude  to  90^,  denominated  norA 
or  aoutk^  according  as  the  observer  is  north  or  south  of  the  object. 

Now,  when  on  the  upper  meridian,  if  the  zenith-distance  and 
declination  be  of  the  same  name^  their  sum  is  the  latitude ;  but  if 

*  The  method  of  applying  all  these  corrections  is  given  in  the  explanation  of  the 
tables,  and  illustrated  by  the  following  examples. 
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of  contrary  namesj  their  difference  is  the  latitude,  of  the  same  name 
as  the  greater.  When  on  the  meridian  under  the  pole,  the 
sum  of  the  altitude  and  the  polar  distance  will  be  the  latitude  of 
the  same  name  as  the  elevated  pole. 

Example  1.  At  Pladda  Light,  in  longitude  20-  30*  W.,  20  feet 
above  the  level  of  the  sea,  on  the  15th  of  August  1836,  the  follow- 
ing observations  of  the  sun's  lower  limb  referred  to  the  sea-horizon, 
were  made  with  a  pocket-sextant,  within  two  or  three  minutes  of 
the  meridian,  and  both  sides  of  it  in  succession ;  required  the  lati- 
tude, the  index  error  being  +  2'  0*  ? 


Ist  observation,  sun's  lower  limb 

Jt\X  ■  •  •  •  •  . 

od  ...  •  .  « 

4U1  ...  .  •  1 

Mean  of  the  four 

Index  error 

Dip  to  20  feet  (Table  I.) 


Correction  to  alt.  48"  (Table  II.) 

True  alt.  of  sun's  lower  limb 

Son's  semi-diameter  by  Naut.  Almanac 

True  alt.  of  sun's  centre 


True  zenith-distance 

Sun's  declination  by  Naut,  Almanac* 

True  observed  latitude    .  • 


48*20'  0^ 

21  0 

21  0 

20  0 


48  20  30 

+       20 

—    4  24 

48  18    6 
—    0  46 

48  17  20 
+   15  49 

48  33    9 
90    0    0 

41  26  61  N. 
13  59    5  N. 

55  25  56  N. 


2.  At  Edinburgh,  on  the  13th  of  March  1841,  the  following 
observations  were  made  with  a  DoUond^s  sextant  and  an  artificial 
horizon,  one-half  of  which  was  made  by  a  contact  of  the  lower 
limbs,  and  -the  other  by  a  contact  of  the  upper,  alternately,  .while 
the  artificial  horizon  was  reversed  at  the  middle  of  the  observations. 


Time  of  apparent  noon 
Equation  of  time  at  Edinburgh 
Error  of  watch 

b.      m.     ■. 
12     0     0 
+     9  41 
±00 

Time  of  transit  by  watch       .  .         12     9  41 

In  regard  to  reading,  when  the  zenith-distance  does  not  exceed 
90"",  I  have  caused  on  a  pocket-sextant  to  be  engraved  numbers  on 

*  See  explanation  of  Tsble  XXX. 
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the  arc,  commencing  with  O""  at  90^,  in  an  order  the  reverse  of  that 
usually  adopted,  and  likewise  on  the  vernier,  so  that  I  read  zenith- 
distances  in  place  of  altitudes,  even  with  the  sextant,  in  such  cases 
as  it  may  appear  more  convenient ;  or  I  may  read  alternately,  in 
different  series  of  observations,  both  ways,  as  a  check  upon  each 
other,  to  avoid  mistakes  in  the  reading.  In  the  present  instance, 
however,  the  zenith-distance,  when  doubled,  exceeded  the  limits  of 
the  instrument,  as  with  the  artificial  horizon  must  be  the  case,  and 
therefore  double  altitudes  were  necessarily  taken. 

Betrameter  30J3  inches.      Thermometer  53^  Fahr, 


Ist  obserration 

2d 

3d 

4th 

5th 

6th 

Means 

Long.  W. 
Error  of  watch 

Greenwich  M.  T. 


Timet  of  ObMnratioii. 

h.    m.     M. 

.  11  58  85 

.  12  1  53 

.  12  7  12 

.  12  9  58 

.  12  15  16 

.  12  19  20 

.     12     8  42.3 


+  12  43.5,  Half 
0     0.0      . 


DoabltAltitadci. 

61  42  50  1. 1. 

62  59     Ou.  1. 
62  53  30u.  L* 

61  56  50  L  L 

62  62  30a.  L 

61  52  40  1.  1. 

62  22  53.3 

31  11  26.7 
90     0     0.0 


12  21  25.8        Zenith-dist.  58  48  33.3  N. 


The  refraction  must  now  be  computed  by  Table  V. : 


Zenith-distance  observed  58®  48'.6.  log  d  ^ 
Barometer      b  =  30*".3,  log  (Table  VI.) 
Thermometer  r  =  53®,  log  (Table  VII.) 
Thermometer  t  =  53",  log  (Table  VIII.) 

Refraction    •  .  r  =  96^.5     log. 

Sun's  parallax  (Table  XII.)  =  —    7 .4  =  ir 


.  1.9832 

.  0.0043 

.  9.9999 

.  9.9973 

.  1.9847 


r  —  IT  =  cor         • 
Mean  zenith-distance 

Corrected  zenith-distance  . 


89. 1=0*  1' 29^.1 

58  48  33  .3N. 


58  50     2  .4N. 


It  b  now  necessary  to  apply  the  reduction  of  the  different  parti- 
cular observations  by  Table  XVII.,  to  reduce  each  to  what  it  would 
have  been  had  it  been  made  precisely  on  the  meridian,  which  is  most 
concisely  done  by  grouping  the  whole  together.  For  this  pur- 
pose let  ^  be  the  required  zenith-distance  upon  the  meridian, 


*  Here  it  was  inconyenient  to  change  the  limbe,  on  account  of  clouds^  but  the 
same  number  of  obeerrations  was  made  on  each  limb. 
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and  d  that  obtained  as  above,  then,  in  order  to  reduce  d  to  A,  we 
have  the  following  formula : — * 

A  =  d  —  2  dn'  ^tcoalcoBd  coaec  (^— cf ) 

+  2  sin*  i  t  {ooB  leond  oosec  (^— rf)}'  cot  (^-rf)  C^.) 

in  which  t  ia  the  time  from  the  meridian  either  before  or  after 
transit,  in  mean  solar  time  if  the  sun  be  observed,  but  in  sidereal  if 
a  star,  I  the  latitude,  and  d  the  declination,  reckoned  minus  if  of  a 
contrary  name  to  L  This  distinction  may  be  avoided  by  substitut- 
ing the  zenith-distance  for  I — cf  or  d — L  Between  the  zenith  and 
the  elevated  pole,  I — d  becomes  d — L  Between  the  elevated  pole 
and  Ae  horizon,  the  sign  of  rf  must  be  changed  from  -  to +,  and 
the  sum  d+  I  subtracted  from  180*.  Or  let  x  be  the  colatitude, 
and  p  the  polar  distance;  d  the  zenith-distance  on  the  upper 
meridian,  and  V  that  under  the  pole,  d  =  *—pj  and  tf  =  x  +  ^. 
It  is  clear  that  2  sin'  ^  f  is  the  versine  of  ^,  and  that  2  sin*  ^  ^  is 
half  the  square  of  the  former,  which  are  designated  V  and  v  in  the 
table.  To  express  the  reduction  in  seconds  of  arc,  each  of  these 
must  be  multiplied  by  R",  an  arc  equal  to  the  radius  in  seconds. 
This  is  accomplished  by  the  logarithms  for  Y  and  v  at  the  termina- 
tion of  the  table,  which  include  also  the  division  of  the  sum  of  the 
versines  by  the  number  of  observations,  thus  simplifying  the  opera- 
tion considerably.     The  computation  is  performed  in  the  following 


manner : — 

h.      m.    a. 

Transit  by  watch  12     9  41 

vr 

m.      1. 

v 

p 

l8t  observation    11  68  d5,  <   =  11     6 

11726 

1376 

2d 

12     1  63,  <,  =    7  48 

6791 

336 

3d 

12     7  12,  t^=    2  29 

687 

4 

4th 

12     9  68,  <b  —    0  17 

8 

0 

6th 

12  16  16,  ^4  —    6  36 

2967 

88 

6th 

12  19  20,  tt=    9  39 

8863 

786 

29942  2688 


Now  by  the  fonmula. 


*  This  formiila  is  ettrily  deduced  from  elementary  investigatioiis,  but  we  are 
restricted  to  practioe  here. 

Y 
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Estimated  lat.  66"*  66'  68"  N.     cos     9.748129 
Sun's  declinat.    2   61   64  S.     cos     9.999467 


Zenith-dist.      68    48   62  N.  cosec  0.067783  cot        9.7819641 

Mog/. 

LogF 9.816369  X  2  =9.630738 J 

To  6  observations  log  for  V  .  7-636274  for  v    6.236244 

V»  29942  log  *  .         .  .  .  4.476281  log  v    3.412964 

1st  term  .         —  67".203    log  1.827924  log  2d  8.060900 

2dtenn  .  +      0.012 


Reduction      .     «=  —  67.281  =     .         .    —  0*    1'    7".3 
Corrected  zenith-distance        .  68    60     2  .4  N. 


True  meridian  zenith-distance         .         .        68    48    66  .1  N. 
Sun's  declination  .         .         .         .  2    61    63 .6  S. 


True  latitude 66    67      1  .6  N. 

Bj  repeating  the  observations  on  stars  both  to  the  north  and 
south  of  the  zenith,  the  latitude  will  be  accurately  determined. 

If  the  observations  for  latitude  are  taken  by  the  mural  or  transit 
circle  placed  truly  in  the  meridian,  these  are  made  when  the  celes- 
tial body  is  in  or  very  near  the  centre  of  the  field  of  view,  at  the 
intersection  of  the  horizontal  and  vertical  wires ;  but  when  the 
observations  are  repeated  near  the  meridian,  an  exact  knowledge  of 
the  time  or  error  of  the  watch  becomes  indispensable,  in  order  to 
find  the  time  of  transit  bv  that  watch  with  which  the  observations 
are  recorded.  For  this  purpose  an  approximate  value  of  the  lati- 
tude may  be  found  as  shown  in  the  first  example,  from  which,  and 
the  following  rule,  the  error  of  the  watch  within  a  few  seconds  may 
be  obtained.  Vv^ith  this  error  and  a  good  sextant,  a  nearer  approx- 
imation to  the  true  latitude  may  be  found,  as  in  Example  2, 
whence  a  new  determination  of  the  time  may  be  found  sufficiently 
exact  to  obtain  the  latitude  correctly,  if  a  series  of  observations, 
at  nearly  equal  distances  from  the  meridian  before  and  after  transit, 
be  employed.  The  time  may  also  be  found  by  the  method  of  equal 
altitudes,  as  shown  in  the  explanation  of  Table  XVIIL,  whenever 
the  weather  is  steady,  especially  in  fine  climates.  In  our  unsteady 
climate,  absolute  altitudes  taken  at  nearly  equal  distances  from  the 
meridian  east  and  west,  and  as  close  upon  the  prime  vertical  as 
possible,  will  prove  very  satisfactory,  and  then  corresponding  ob- 
servations nearly  will  not  easily  be  lost. 

*  Instead  of  versed  sineB,  arcs  in  seconds  may  be  taken  from  Table  XXVIII.  of 
QalbraitKB  TahU$,  or  from  those  of  G.  H.  L.  Warnstorff;  published  at  Altona  in  1846. 
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TO  FIND  THE  TIME. 

15.  Set  down  under  each  other  the  true  altitude,  polar  distance, 
and  latitude.  Find  half  the  sum  of  these  three,  and  the  difference 
.  between  that  half  sum  and  the  altitude.  Then  to  the  log  cosecant 
of  the  polai'  distance  add  the  log  secant  of  the  latitude,  the  log 
cosine  of  the  half  sum  and  the  log  sine  of  the  difference — half  the 
sum  of  these  four  logarithms  will  be  the  log  sine  of  half  the  hour 
angle  from  the  meridian.  In  case  of  determining  the  time  in  this 
manner,  it  would  be  convenient  to  estimate  it  according  to  the 
astronomical  method  of  reckoning,  namely,  from  noon  to  noon 
throughout  the  twenty-four  hours.  Hence  in  the  forenoon  of  the 
civil  day,  the  hour  angle  thus  found  must  be  deducted  from  24 
hours,  and  the  remainder  will  be  the  time  past  noon  of  the  pre- 
ceding day,  when  the  sun  is  the  object. 

In  using  a  table  of  reduced  versines,  such  as  that  given  in  my 
collection  of  mathematical  and  astronomical  tables,*  the  aum  of  the 
four  logarithms  mentioned  above,  rejecting  tens  in  the  index,  will 
be  the  hour  angle  to  be  taken  from  the  top  of  the  page  when  the 
observation  is  made  in  the  afternoon  of  the  given  day,  but  from 
the  bottom  if  in  the  forenoon,  to  give  the  time  past  the  preceding 
noon.  This  result  will  be  the  apparent  solar  time,  to  which  the 
equation  of  time  reduced,  for  the  approximate  time  and  longitude, 
to  the  corresponding  Greenwich  mean  time  (G.  M.  T.,)  according  to 
the  directions  given  in  the  Nautical  Almanac  (N.  A.,)  page  1  of 
each  month,  will  give  the  mean  solar  time  (M.  T.)  at  the  place 
of  observation. 

If  a  star  be  the  object,  the  horary  angle  must  be  taken  from  the 
top  of  the  page,  if  the  star  be  west  of  the  meridian,  but  from  the 
bottom  if  east,  to  be  always  reckoned  west  (W.)  To  this  meridian 
distance  add  the  star's  right  ascension  reduced  to  the  given  time, 
and  the  complement  to  24  hours  of  the  sidereal  time  at  mean  noon 
(S.  T.  M.  N.),  reduced  by  Table  XXVI.  to  the  time  and  place  of 
observation :  the  sum,  rejecting  24  hours  as  often  as  possible,  will 
be  the  mean  solar  time.  If  two  stars  be  chosen,  one  to  the  east 
and  another  to  the  west,  having  the  same  altitudes  nearly,  any  error 
from  a  faulty  method  of  observing,  or  a  bias  in  the  instrument, 

*  Dr  Inman  has  given  a  more  eztenBive  table  to  everj  second  of  time  in  24  houn. 
At  the  bottom  of  the  page,  I  have  in  my  copy  supplied  by  the  pen  proportional 
parts  to  eveiy  tenth  of  a  second,  rendering  the  calculation  of  time  both  easy  and 
accurate. 
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will  be  avoided,  and  they  should  not  have  more  than  30^  of  decli- 
nation, because,  from  their  slow  motion  even  on  the  prime  vertical, 
stars  having  great  declinations  are  in  this  case  to  be  avoided* 

The  method  of  observing  with  a  sextant  having  been  already 
shown,  that  by  the  smaller  classes  of  astronomical  circles  will  now 
be  exemplified.  That  which  I  generally  use  is  six  inches  in 
diameter,  having  three  verniers,  each  reading  10*,  and  the  scale  of 
its  level,  a  fixed  one,  indicates  2'  for  each  division,  and  reads  from 
a  central  zero.  The  general  formula  to  correct  for  the  readings  of 
the  level,  when  applied  to  the  zenith-distance,  is 


i=<^^     •    •    •    •    (^•) 

in  which  I  is  the  resulting  effect,  e  the  sum  of  the  readings  at  the 
eye-end  of  tlie  telescope,  o  the  sum  of  those  at  the  object-end,  a' 
the  value  of  one  division  of  the  scale  of  the  level,  and  n  the  num- 
ber of  observations. 

In  making  a'=2"  the  preceding  formula  becomes 

*  —  —  •        >        .        .        .        (^.  I 

n 

by  the  scale  of  my  circle,  the  most  convenient. 
In  all  cases  care  must  be  taken  of  the  sigii,  according  to  the  rules 
of  algebra.  The  si^s  must  be  changed  when  the  instrument 
shows  altitudes.  There  are  three  parallel  horizontal  wires  in  the 
focus  of  the  telescope,  at  each  of  which  the  contact  of  the  snn^s 
limb  may  be  observed.  I  generally  observe  the  contact  of  the 
upper  limb  only  at  all  the  three  when  the  sun  is  ascending,  and 
then,  on  reversing  the  circle,  the  lower  limb.  I  reverse  this  order 
when  descending,  taking  care  of  the  apparent  change  of  position, 
by  an  astronomical  telescope,  which  shows  objects  inverted — ^that  is, 
I  observe  the  apparent  lower  limb  FIRST  when  the  object  is  ascend- 
ing j  the  apparent  upper  first  when  descending,  consequently  the 
contacts  are  observed  at  nearly  the  same  altitude,  and  have  the 
same  refraction. 

Examples. — 1.  On  the  11th  of  August  1836,  at  Lamlash,  in 
the  Island  of  Arran,  in  latitude,  by  estimation,  55^  31'  56"  N., 
longitude  20"  32'  W.,  the  following  observations  on  the  sun  were 
made  to  determine  the  time.  The  assistant-watch,  by  which  the 
observations  were  made,  was  28'  fast  of  the  chronometer,  while  the 
barometer  stood  at  30  inches,  and  Fahrenheit's  thermometer  at  50^. 

NoTS. — In  the  following  observations,  the  scale  of  the  level  read  to  3"  at  Lamlash, 
and  formula  (7)  was  employed  to  find  /,  the  effects  of  the  leyel;  but  at  Inchkeiih  it 
read  to  2",  and  formula  (8)  was  employed.    See  pages  341  and  854. 
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TImM  tij  Wftteh,  a.  k.  Tv.  Z.  D.  htmi. 

+        — 

h.    m.    ■.  •       ,      ,.  0         0 

1.  9    1  49  A     54  42  60  8.6    21.6 

B  43    0 

C  43  20 

2.  977  A633630  22.0-     7.6 

B  36    0 

C  36  30 

3.  9  13  62  A      62  46  30  30.0       1.6  — 

B  46    0 

C  46  20 

4.  9  17  46  A      62  46    0  16.0     14.0 

Mean        .        9  10    8.6  B            46  10  76.6    41.6 

Watch  fast    —    9  43.6  C           46  40  41.6 

Long.     +  20  32.0  W.  

63  27  29.2  34.0 

£.  6.  M.  T.  9  20  67.0,  I  «        +         12.8            3 

63  27  42.0      8)102 

r        —         +     1  18.7  

„      —       —    0    6.7  12.75 

True  zenith-distance  63  ^28  64.0 

90 

True  altitude  A       .      .     36  31    6 

Polar  distance  .      .      74  46    9      oosec  0.016663 

Latitude      ....      66  31  66      sec     0.247228 

Sum 166  48  11 

Half  H        .      .      .      .      83  24    6.6  cos     9.060360 
Difference  H  —  A       »-       46  62  69.6  sin     9.863300 

20  66  23.7  y.  s.    9.186461 
Equation  of  time      .      .      +     4  64.3 

Mean  time     ...  21    0  18.0 

h.     m.     •. 

Mean  time 21    0  18.0 

Time  by  watch  +  12^  —     .      .      .    21  10    8.5 

Watch  fast  of  M.  T 9  60.6 

Watch  fast  of  chronometer  ...        —  28.0 

Chronometer  fast 9  22.6* 

*  A  proportioiitl  part  of  the  daily  rate,  8*  gaiiung,  should  properly  be  applied  to 
the  error  of  the  chronometer,  here  deteimined  at  9*^  10™  a.  m.,  to  reduce  it  to  10^ 
29*  P.M.;  but  from  more  numerous  obeervationB,  made  in  the  afternoon,  it  appeared 
that,  after  allowing  for  rate,  the  exact  error  did  not  differ  more  than  a  fraotion  of  a 
second  from  that  stated  above. 
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On  the  evening  of  the  same  day,  by  a  watch  10'  slow  of  the 
same  chronometer,  and  which  was  gaining  3'  a-day,  the  following 
observations  were  made  on  a  Aqnilfle. 


TimM  by  Wateb. 

V. 

z. 

D. 

hvwO. 

+ 

h.    m.     B. 

0 

/       // 

e 

0 

1. 

10  18  10 

A 
B 
C 

47 

9  60 
9  20 
9  40 

22 

10 

2. 

10  26  60 

A 
B 
C 

47 

3  10 
3  10 
3  30 

16 

16 

3. 

10  33    0 

A 
B 
C 

47 

6  20 
6  60 
6  20 

18 

13.6 

4. 

10  39  60 

A 

47 

6    0 

12 

19.0 

Mean 

10  29  12.6 

B 

6  10 

67 

68.6 

Watch  fast 

—    9  12.6 

C 

6  10 

68.6 

LODg.       . 

+   20  32  0  W 

47 

=  + 

6     2.6 
3.2 

8.6 
3 

8)26.6 

G.  M.  T*    . 

10  40  32 

1= 

47 

6    6.7 

r  = 

=  + 

1     2.8 

4>A9. 

Corrected  zenith-distance  ^47    7    8.6  N. 

To  find  the  mean  time  of  transit  by  Tables  XXVI.  and  XXVII., 
we  have,  by  the  Nautical  Almanac,  the 


Sidereal  time  at  Greenwich  mean  noon  a- 

Reduction  for  long.  20"  32-  W.  (Table  XXVI.) 

Sidereal  time  at  Lamlaah  M.  N. 
Star's  right  ascension 

Difference,  or  « — a- 

Reduction  to  «—o-  (Table  XXVII.; 

Mean  time  of  transit         .         .         .      ' 
Error  of  watch,  fast 

Time  of  transit  by  watch 

.       10  30  21 


Transit  by  watch 

1st  obserration 

2d 

3d 

4th   ... 


10  18  10,  t 
10  26  60,  ti 
10  33  0,  ^ 
10  39  60,  ^3 


m.  1. 

12  n 

4  31 
2  39 
9  29 


h.  m.  8. 

••   9  19  66.09 

+  3.37 

9  19  68.46 

19  42  49.27 

10  22  60.81 

—  1  42.04 

10  21  8.77 

+  9  12.60 

10  30  21.27 


<;  =  8  26  29.96  N. 
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t   = 


m.     ■. 

12  11 
4  31 
2  89 
9  29 


V. 

141 2G 

1942 

668 

8660 


V. 

1995 

88 

6 

733 


Sums,     26296  277i 


For  Rate, 

M.  So.  to  aid.  T.  log 

Daily  Rate, 
Gaining  3'  cor. 


+  0.002376 
—  30 


Log  for  rate,*  +  0.002346 


Lutitude 
Declination 


66°  31'  66"  N.  cos  9.762772 
8    26   30  N.  COS  9.996269 


Zenith-dist.  d  =  47      6    26   cosec  0.136233         cot 


LogF 

Log  V  for  4 

V  =  26296  log  . 

Log  for  rate 

Istterm  —  100^.240  log 
2d  term   +      0  .039 


—  100.201  = 
Corrected  zenith-distance 

Tme  meridian  zenith-distance 
Star's  declination     . 


9.883274 
7.712366 
4.403062 
0.002346 


.    2.001036 


X    2 

logf^ 
log 


9.968280  ) 

>log/ 
9.766648  j 
6.411336 
3.442636 


True  latitude 


8.688799 


— 0°    1'  40^.20 
47      7     8  .60 

47      6    28  .30  N. 
8    26    29  .96  N. 

66    31    68.26N. 


In  this  manner  the  observations  may  be  repeated  a  sufficient  num- 
ber of  times  to  insure,  from  a  mean  of  the  whole,  the  requisite 
accuracy. 

When  the  observations  on  stars  are  continued  for  a  length  of 
time,  the  logs  of  F  and /remain  nearly  constant  for  the  same  star, 
and  consequently  these  may  be  computed  for  such  a  number  of  stars 
as  may  be  selected  for  observation.  Indeed,  special  tables  may  be 
drawn  up  to  every  ten  seconds,  and  these  may  be  interpolated  to 
every  second  in  ^,  as  was  done  by  myself  for  a  Aquilse,  when  I 
observed  at  Inclikeith,  from  which  the  reduction  to  the  meridian 
may  be  made  at  sight.  For  this  computation  special  tables  are 
sometimes  given,  but  it  may  be  easily  effected  by  a  table  of  reduced 
versines  employed  in  the  computation  of  time  in  last  example,  or 
by  a  table  entitled  Rising  in  the  usual  books  of  navigation. 


*  This  logarithm  may  be  readily  taken,  by  inspection,  from  Skortrede*i  TMn, 
No.  XXX.,  first  impressiou  in  1S44. 
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Let  F"  =  2  R"  cos  /  ooe  d  cosec  h  and      .....     (9.) 
/•  =  2  R"  (cos  Icos  rf  cosec  i)"  cot  d  .  .         .  (lO.) 

be  computed  for  the  given  star. 

For  «  AquilflB,  at  Inchkeith,  in  latitude  56''  2'  N.,  in  August 
1840,  when  the  star's  declination  was  8*  27'  V  N.,  will  be  found 
for  a  table  of  log  B.  Y.  S. 

1.  LogP'=       .         .         .         .     5.489705,  log  /  5.324769 

For   t   =  15"  log  R.  V.  S.      .     7.029602  x    2         =  4.059204 


m"  =  1st  term  :;=  —  390^.60  log  2.519307  9.383973 

n"  =  2d  term  =  +      0  .24 


!»"+  n"  =      Red.     =  —  330  .36 

2.  For  a  table  of  log  rising  to  find  m  and  n  in  GaUnruth^s  Table,  XXVIII. 
Log  m  =  const,  log  0.314425  +      log  rising. 
Log  n  =  const,  log  5.013395  4-  2  log  rising. 
Time  from  meridian,  or  1  1st  C.  L.  =  0.314425—,  2  C.  L.  5.013395  + 

r  ==  6  30    0  .     )  log  rising      .     2.932227        2  log  R.  5.864454 

w  =  —  1764\623     .                 log  «  =     3.246652— ,log  n  =  0.877849  -I- 
»  =  +         7  .548 n  =  +  7*.6483 

Continuing  this  process  for  every  10*  of  tj  the  reduction  may  eaailj 
be  found  for  single  seconds  by  interpolation,  which  renders  this 
method  very  easy ;  and  then  the  smaller  classes  of  circles  become 
in  effect  nearly  equal  to  the  larger,  on  account  of  the  facility  with 
which  observations  may  be  very  numerously  repeated. 

16.  In  mean  latitudes,  such  as  in  Britain,  observations  on  the 
pole-star  are  very  advantageous  and  convenient  for  the  determina- 
tion of  both  latitudes  and  azimuths  at  the  same  time,  which  may  be 
computed  by  the  following  formula  : — 

1.  tan  u  =  COS  t  tan  p  =  cos  t  cot  d 

2.  sin  X  =  cos  «  cos  d  sec  />  =  cos  «  cos  d  cosec  d 

3.  /  =  X  ±  tt 

4.  sin  r   =  sin  t  Bin  p  x=  sin  t  cos  d 

5.  tan  m  =  tan  r  sec  X,  or 

6.  tan  m  =  rin  I  tan  />  sec  X  =  sin  t  cot  <I  sec  X 

nearly,  and  more  simply  than  by  (4)  and  (5)  combined. 

In  these  formulsB,  t  is  the  sidereal  time  after  transit,  p  the  starts 
polar  distance,  d  the  declination,  X  the  latitude  of  the  foot  of  the 
perpendicular  arc  from  the  star  upon  the  meridian,  and  d  the 
zenith-distance.     Also  I  is  the  true  latitude,  in  determining  which 


I 

J 
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u  is  minus  in  the  first  and  fourth  quadrants  of  tj  tmiplua  in  the 
second  and  third.  In  like  manner  r  is  the  perpendicular  from  the 
star  upon  the  meridian,  and  m  the  azimuth. 

17.  If  the  latitude  be  previously  well  known,  the  azimuth  may 
be  found  by  Napier's  Analogies,  or  from  formuls  or  rules  derived 
from  them.  For  this  purpose  let  c  be  the  complement  of  the 
latitude,  andp  the  polar  distance. 

1.  tan  i  (m-f  d)Bsoot  4  <  coe  4  (oc^p)  seo  4  {c-¥p), 

2.  tan  4  (m — «)«cot  4  <  sin  4  (c<S»Op)  coaec  4  (c-^p)' 

Hence  ^  (m+6)+i  (m— €)8m,  the  azimuth  of  the  pole-star  from 
the  meridian  referred  to  the  horizon.  Or  let  c^  be  the  declination 
of  Polaris,  &c.,  and  I  the  latitude  of  the  place  of  observation, 

8.  tan  4  <iii-|-tf)»oot  4  (  ooe  4  (</coO  ooeec  4  (<l+2), 
4.  tan  4  (m— 0):«oot  4  t  sin  4  (tUsU)  sec  4  (<i+Q. 

Since  d  and  I  remain  constant  during  a  series  of  observations  made 
in  one  day,  while  t  varies,  the  logs  of  the  two  last  factors  are  con- 
stant, and  this  renders  the  computation  of  an  azimuth  by  the  pol^ 
star  remarkably  easy. 

g   .  sec  /  cot  dant 

6.  tanm: 


1 — tan  I  cot  d  cofl  f . 


A  formula,  though  not  well  adapted  to  logarithmic  calculation, 
sometimes  employed  by  the  French  engineers. 

18.  In  many  cases  of  nautical  surveying,  the  true  bearing  of 
any  well-defined  object  at  a  considerable  distance,  and  on,  or 
nearly  on,  the  same  level  with  the  eye  of  the  observer,  is  required 
to  be  determined  with  a  reflecting  instrument.^  To  perform  this 
operation,  bring  the  image  of  the  sun  to  the  object,  and  make  its 
nearest  limb  accurately  to  touch  the  object,  while  at  the  same  time 
with  another  instrument  let  the  sun's  altitude  be  taken.  Correct 
the  observed  distance  for  index  error,  if  necessary,  and  add  the 
sun's  semidiameter ;  the  result  will  be  the  apparent  distance  of  the 
sun's  centre  from  the  object.  In  like  manner  correct  the  sun's 
altitude  for  index-error,  dip,  and  semidiameter,  the  result  will  be 
the  sun's  apparent  altitude.  Now,  to  compute  the  azimuthal  angle 
between  the  sun  and  the  object,  there  will  be  formed,  when  the 
object  is  on  the  same  level  with  the  eye,  a  quadrantal  spherical  tri- 
angle HZ  O,  of  which  the  sides  are  the  zenith-distance  Z  H"90^, 
the  sun's  zenith-distance  ZO,  and  the  oblique-observed  distance 
Ho — ^to  find  the  angle  Z  at  the  zenith,  which  is  the  diiFerence  be- 
tween the  bearings  of  the  object  and  the  sun.    Compute  the  sun's 
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true  azimuth  from  the  altitude  in  the  usual  manner,  take  the  sum 
or  diflference  of  these,  according  to  circumstances,  as  indicated^bv 
their  relative  positions  with  respect  to  the 
meridian,  and  the  true  bearing  of  the  object 
will  be  determined.  If  the  bearing  of  the 
same  object  be  taken  with  the  azimuth 
compass,  the  variation  of  the  compass  will 
likewise  be  obtained.  To  determine  the 
true  bearing  in  this  manner,  it  must  be 
remarked  that  the  sun's  vertical  motion  should 
be  as  gi*eat  as  possible,  or  his  position  ought 

to  be  near  the  prime  vertical,  and  that  the  object  to  which  the  sun  is 
referred  should  be  aboiit  90°  from  the  point  of  the  horizon  to  which 
the  sun  is  vertical.  When  this  is  impossible,  the  object  should  be 
chosen  so  that  the  angle  which  the  observed  arc  or  distance  makes 
with  the  horizon,  may  not  by  estimation  exceed  45**.  When  the 
object  is  elevated  above  the  level  of  the  eye,  it  is  necessary  to  ob- 
serve its  altitude,  and  compute  the  angle  at  the  zenith  from  the 
three  sides  of  an  oblique-angled  spherical  triangle  formed  by  the 
observed  distance,  and  the  zenith-distances  of  the  sun  and  the  ob- 
ject whose  azimuth  is  required ;  and  this  is  in  fact  the  first  part  of 
the  method  of  reducing,  by  spherical  trigonometry,  the  apparent 
distance  to  the  true  in  lunar  observations — that  is,  from  ^e  two 
apparent  altitudes  and  apparent  distance,  to  find  the  angle  at  the 
zenith. 

The  azimuth  of  a  point  or  signal  by  means  of  the  sun  or  a  star, 
may  be  found  readily  when  the  time  is  accurately  known.  In  this 
case  there  are  given  the  polar  distance  and  the  hour  angle,  or  that 
contained  at  the  pole,  to  determine  the  angle  at  the  zenith  by  the 
Analogies  of  Napier. 

If  the  sun  be  the  object,  the  angle  at  the  pole  is  the  complement 
of  the  time  to  12^  in  the  forenoon,  but  the  apparent  time  itself  if 
in  the  afternoon.  K  a  star  be  observed,  the  angle  at  the  pole  is 
equal  to  the  sidereal  time,  minus  the  right  ascension  of  the  star,  or 
equal  to  the  apparent  time  plus  the  right  ascension  of  the  sun, 
minus  the  right  ascension  of  the  star.  The  polar  angle  is  minus 
when  the  star  is  east  of  the  meridian,  plus  when  west. 

When  extreme  accuracy  is  required  in  determining  the  azimuth 
of  a  signal,  the  observations  of  the  angular  distance,  by  the  reflect- 
ing circle  or  by  Borda's  repeating  circle,  between  the  star  and  the 
signal  should  be  made  at  the  same  instant  with  the  zenith-distance 
of  the  star  and  the  signal,  if  convenient,  though  that  of  the  latter 
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may  be  made  at  any  time  either  preceding  or  following  the  obser- 
vations, since,  with  the  exception  of  refraction,  it  remains  station- 
ary. These  distances  are  the  apparent  distances  as  affected  by 
parallax  and  refraction.  If  the  zenith-distance  of  the  star  cannot 
be  conveniently  observed  at  the  same  time  when  the  angular  dis- 
tance between  the  star  and  signal  are  taken,  it  may  be  calculated 
by  spherical  trigonometry,  as  will  be  now  shown,  taking  care 
to  apply  the  effects  of  refraction  and  parallax  to  find  the  apparent 
zenith-distance  with  a  contrary  sign  to  that  used  in  finding  the 
true. 

To  find  the  true  and  apparent  zenith-distance. 

Buh, — To  twice  the  log  cosine  of  half  the  horary  angle,  add 
the  log  cosine  of  the  latitude  and  the  log  cosine  of  the  declina- 
tion ;  half  the  sum  of  these  three  logarithms  will  be  the  log  cosine 
of  an  arc  (2.)  If  the  latitude  and  declination  be  of  the  same 
name,  take  half  their  sum,  but  if  of  contrary  names,  take  half  their 
difference ;  the  result  will  be  arc  (1.)  Find  the  sum  and  difference 
of  arcs  (1)  and  (2.)  To  the  log  sine  of  the  sum  add  the  log  sine 
of  the  difference ;  half  the  sum  of  these  two  logarithms  will  be  the 
log  sine  of  half  the  true  zenith-distance.  To  the  true  zenith-dis- 
tance apply  the  corrections  with  a  contrary  sign,  and  the  apparent 
zenith-distance  will  be  found.  If  the  object  be  near  the  horizon,  a 
repetition  of  the  last  operation  may  be  required,  using  the  last 
found  apparent  distance  to  obtain  the  necessary  corrections,  when 
a  table  for  calculating  the  refractions  to  the  true  zenith-distance, 
as  in  Puissant's  Oeodesy^  is  not  at  hand. 

Example  1. — Brodick,  island  of  Arran,  August  26th,  1841,  in 
latitude  55**  35'  20"  N.,  longitude  20"  40-  W.,  at  4**  9»  44.  p.m. 
mean  time ;  what  was  the  true  and  apparent  zenith-distance  of  the 
sun,  the  barometer  being  at  30.15,  and  Fahrenheit's  thermometer 
at  62^6  ? 


h*    in.        ■• 

Mean  time  by  chronometer,   .  .        4    9    44  p.m. 

Equation  of  time,  sabtract,    . 


Apparent  time  »>  t,     . 
Son's  declination, 


0    1    84 


4    8    10 
2    4      5 
10'*20'    28"  N. 
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it,     . 

Latitude, 
Declination, 

Sum, 

h.    m.     1. 
2    4    5 

C  55  85  20 N. 

1 10  20  28N. 

65  55  48 

cos  X  2, 

.  cosine, 
cosine, 

cosine, 

sine, 
sine, 

sine, 
of  centre. 

•  • 

•  • 

•  • 

•  • 

•  • 

•  • 

True  alt. 

App.  oen 

App.  alt. 
App.  alt. 

19.865942 

9.752146 
9.992888 

19.610976 

• 

Half  (1) 

82  57  54 
50  17    2 

Aic  (2) 

if.ot/04oo 

9.996978  ) 
9.473764  j 

19.470742 

(2+n- 
(2-1)- 

88  14  56 
17  19    8 

0           #               M 

»  82  56  IS 
2 

iz 

9.735371 

of  C.  24     7  34 

t.  alt.  24    9  33 

Ll,      28  53  42 
U.I,     24  25  24 

Troe  Z.D. 
Correction 

65  52  26 
—        1  59 

App.  Z.D.C.    . 
Sun*s  S.D. 

65  50  27 
±       15  51 

App.Z.D, /.A  . 
App.  Z.D,  tf.2, . 

66    6  18 
65  84  86 

Example  2.— Ayr,  August  12th,  1841,  in  latitude  65*  27'  55r  N., 
longitude  18"  31"  W.,  at  8**  68"  6"  mean  time ;  required  the  appa- 
rent zenith-distance  of  a  Aquilse,  the  barometer  being  at  29**.86, 
and  the  thermometer  at  61''  Fahrenheit 


a  Aquilas,  R  A,        . 

Sidereal  time  at  Ayr  mean  noon. 

Difference, 

Bednction,  Table  xxvii.,     . 

Mean  time  of  star's  transit, 
Mean  time  of  observation,  subt., 


h.    m.     1. 
19  48    5.30 
9  28    6.30 

10  19  59.00 
1  41.57 

10  18  17.49 
8  58    5.00 


Interral  in  mean  time  before  transit,  .  1  20  12.48 

Bednction  of  this  interval  to  sidereal  time.  Table  xxvi.,+  18.17 


Interval  in  sidereal  time,  or  f, 


it. 


1  20  25.60 
0  40  12.80 
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h.    m.     a. 


M, 

»  0  40  12.8 

cosine  x  2b> 

19.986560 

Ladtnde,     . 
Declination, 

55  27  55)  N 
8  27  19  )  K. 

63  55  14 

.  cosine, 
.  cosine, 

cosine. 

9.758512 
9.995254 

Som, 

19.785826 

0 

Half  (1),     . 
Are  (2),     . 

81  57  37  ) 
42  29  48  ) 

9.867668 

Sam, 
Diff., 

74  27  20 
10  32    6 

sine, 
sine, 

9.988817  ) 
9.262062  j 

9           t           U 

24  48  57 
2 

sine. 

True  altitnde. 

19.245879 

Iz- 

9.622940 

• 

49  37  54 

e        /          « 

40  22    6 

Correction, 

—        0  44 

• 

•                      •                      • 

Apparent  altitude. 

+            44 

App.  Z.D,  . 

49  37  10 

40  22  50 

When  the  altitudes  are  very  low,  as  within  two  or  three  degrees 
of  the  horizon,  the  correction  must  be  taken  out  to  the  last  found 
apparent,  zenith-distance,  and  again  applied  to  the  true,  to  get  the 
apparent  zenith-distance  correctly. 

When  the  azimuth  is  found  bj  observations  on  the  pole-star,  or 
similar  methods,  the  horizontal  circle  must  be  read  at  the  same 
time  with  the  vertical,  in  order  to  compare  the  azimuth  of  the  star 
with  a  referring  lamp,  and  from  this,  at  any  convenient  oppor- 
tunity, other  conspicuous  points  selected  as  stations  in  the  general 
survey. 

To  find'the  time  of  the  pole-star's  greatest  eastern  and  western 
elongation. 


BBoniGK,  Ang^t  10, 1848. 

Sidereal  time  of  Greenwich  mean  noon, 
Reduction  to  longitude,  20»  37*  W.,  Table  xxvL, . 

Sidereal  time  at  Brodick  mean  noon,  o* 
**s  right  ascension,  August  10, 1848,  or  f. 

Difference,  or  « — cr,  .... 


h.    m.    ■. 

9  16  21.22 
+  8.89 

9  16  24.61 
1    5  23.51 

15  48  58.90 
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Brought  forward, 
a  to  s — o-,  Table  xxvi., 

Mean  time  of  **8  transit  over  the  meridian, 
6^  of  sidereal  time  in  mean  time,    . 

Mean  time  of  **s  greatest  western  elongation, 
12^  of  sidereal  time  in  mean  time, 

Mean  time  of  *^s  greatest  eastern  elongation, 
Otherwise, 

Transit  of  Aries, 

Reduced  for  longitude,  20«  87'  W. 

Reduced  time  of  transit, 
Stars,  RA+6S 

Sum, 

Reduction  from  Table  xxvii.  to  7^  6»  23'.5, 

Mean  time  of  western  elongation, 

This  increased  by  12*^  sidereal  in  mean  time, 


b.     m.  ■. 

15  48  58.90 

—        2  36.47 

15  46  23.43 

+  5  59  1.02 

21  45  24.45 

+  11  58  2.05 

9  43  26.50 


h.    m.       a, 

14  41   14.02 
3.38 

14  41  10.64 
7    5  23.51 

21  46  34.15 
1     9.69 


21  45  24.46 
11  58     2.06 

Mean  time  of  eastern  elongation,  as  before,  .  9  43  26.61 

To  these  times  of  elongation,  taken  each  as  a  transit,  any  num- 
ber of  observations  may  be  reduced  by  Table  XVII.,  in  the  same 
manner  as  is  shown  in  page  337,  formula  (6),  which  enables  the 
observer  to  repeat  his  observations  for  a  considerable  time  before 
and  after  the  greatest  elongation,  thereby  diminishing  the  errors 
of  reading,  level,  &c. 

1.  To  find  the  latitude  by  circumpolar  stars. 

When  the  observer  possesses  an  instrument  capable  of  observing 
in  daylight,  the  pole-star  or  any  other  circumpolar  star  that  does 
not  pass  the  under  meridian  too  near  the  horizon  to  obtain  the 
refraction  with  sufficient  accuracy,  he  may  obtain  the  latitude  very 
accurately  by  observing  the  greatest  and  least  altitude  or  zenith- 
distance  on  the  same  day,  or  on  different  days,  and  then  correcting 
them  for  the  effects  of  refraction.  Half  the  sum  of  the  true  altitudes 
thus  corrected  will  be  the  latitude ;  or  half  the  sum  of  the  zenith- 
distances  will  be  the  co-latitude.  The  method  of  proceeding  is 
exactly  similar  to  the  methods  already  explained. 


Example    1. — At  Barcelona,  on  the  17th  of  December  1793, 
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Mechain  observed  the  zenith-difltaiice  of  Polaris  near  its  upper  cul- 
mination to  be  46°  49'  3'.08,  by  the  repeatmg  circle  of  Borda ;  the 
reduction  to  the  meridian  was  — 10''.02,  the  refraction  +1'  I'.IO, 
consequently,  the  true  meridian  zenith-distance  was  46°  4&  54".  16. 
Again,  on  the  27th  of  December  1793,  he  observed  the  zenith- 
distance  of  Polaris  near  its  lower  passage  of  the  meridian  to  be 
50°  23'"  10\48  ;  the  reduction  to  the  meridian  was  -»-6'.90,  the  re- 
fraction -*-!'  10''.82 :  whence  the  true  meridian  zenith-distance  was 
50°  24'  28M8. 


Hence,  first  meridian  zenith-distance  was  .  46  49  54.16 

Second,   .  .  .  50  24  28.18 


Sum,        .  .  .  .  97  14  22.34 


Halfsnm  or  c6-latitu«]is  .  .  48  37  11.17 

And  latitude,  .  41  22  48.83 

Eacamjyle  2.  To  find  the  azimuth  by  circumpolar  stars.  With  a 
good  instrument  observe  the  greatest  and  least  angular  distance  of 
the  pole-star  from  the  vertical  plane  in  which  the  given  line  is 
situated ;  half  the  sum  of  these  two  measures  will  be  the  angle 
required. 

By  the  Ordnance  Survey^  vol.  i.  pages  245,  291,  in  the  year 
1793,  the  direction  of  the  meridian  at  Dunnose  was  determined  by 
the  polar  star  from  corresponding  observations  at  the  .western  and 
eastern  greatest  elongations  referred  to  Brading  Staff. 

1.  April  28.     Afternoon,  at  western  elongation,  24    4  23.00 

„    29.    Morning  at  eastern  elongation,     .  18  24    0.00 


Mean  jmgle  between  the  meridian  and  staff,  21  14  11.50 


/      // 


2.  May  12.    Afternoon  at  western  elongation,  24    4  29.50 

„     13.    Morning  at  eastern  eloDgatiou,      .  18  23  53.25 


Mean  angle  between  the  meridian  and  staff,  21  14  11*375 

The  mean  of  1  and  2,  is  .  21  14  11.4375 

3.  By  calculations  from  independent  observations.  Taking  the 
latitude  of  Dunnose  at  50"*  37'  8'  N.,  which  is  near  the  truth,  (since, 
by  a  subsequent  recomputation,  it  has  been  found  to  be  50**  37'  V 
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N.,)  and  the  apparent  polar  distance  of  the  pole-star,  on  differmt 
dajs  were  obtained, 


9  *  U 


April  21, 1798.    P.  D.    1  47  57.2  aumnth, 

„     22,  1  47  67.4 

May    5, 


1  48    0.7 
which,  applied  to  the  observed  angles,  give  3, 4,  and  5. 


2  60  11.2 
11.5 
168 


4.  Greneral  results. — 1. 

2. 
3. 
4. 
6. 


Mean  of  the  whole,  or  bearing  of  staff, 

5.  Deanhill,  Donnose,  Brading  Staff.— 1. 

2. 

Mean, 

Bearing  of  Brading  Staff, 

From  Dnnnose,  Deanhill  bears, 

6.  Bearing  of  Brading  staff, 

Brading  Staff,  Donnose,  Bntserhill, 

From  Dunnose,  Bntserhill  bears, 


21  14  11.500 
11.376 
10.050 
10.500 
10.450 

21  14  10.775 

55  58  38.500 
38.750 

55  58  38.625 
N.  21  14  10.775 

N.  34  44  27.850  W. 

N.  21  14  10.775  E. 
N.  0  15  31.500  W. 


N.  20  58  39.275  £. 


In  the  application  of  those  principles  to  practice,  as  has  been 
already  shown,  the  time  of  transit  of  the  star  must  be  ascertained 
in  terms  of  the  clock  or  chronometer  by  which  the  observations  are 
made.  Then,  six  hours  after  transit,  by  a  sidereal  clock,  the  star 
will  be  at  its  greatest  western  elongation ;  and  twelve  hours  after 
this  last,  at  its  greatest  eastern,  or  5"^  59"*  1'.02,  and  IP  68*°  2'.05, 
in  succession,  or  17*"  57°"  3\07  after  transit  of  mean  time^  allowing 
for  rate  during  the  interval,  as  previously  given  by  calculation. 

In  the  example  for  the  latitude,  the  observations  were  not  made 
on  the  same  day,  though,  to  avoid  any  inaccuracy  in  the  change  of 
position  of  the  star,  it  would  have  been  better  if  they  had :  but 
certainly  the  corrections  of  the  mean  places  of  the  stars  for  aberrar 
tion  and  nutation,  can  now  affect  their  true  position  very  slighdy. 

The  direction  of  the  meridian  may  also  be  very  accurately 
determined  by  the  transit  instrument,  for  the  truly  placing  of 
which  in  the  meridian,  see  the  description  and  use  of  lliat  instru- 
ment in  a  following  part  of  this  work.  It  may  also  be  determined 
nearly  by  the  transit,  as  with  Ramsden^s  theodolite,  by  observing 
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the  greatest  western  and  eastern  deyiatlons  referred  to  marks,  such 
as  staffs  by  day  or  lamps  by  night,  placed  after  a  few  trials  nearly 
in  the  proper  position.  When  the  results  prove  satisfactory,  the 
angular  distance  between  the  western  and  eastern  marks,  being 
bisected,  will  give  the  direction  of  the  meridian  required. 

If  the  horizontal  screws  have  a  motion  of  about  45'  on  each  side 
of  the  meridian,  this  operation  would  be  readily  performed  in  one 
position  of  the  instrument  without  shifting  its  feet  screws. 

19.  I  shall  now  proceed  to  illustrate  these  rules  and  formuls  by 
practical  applications.  Having  determined  the  error  and  rate  of 
my  chronometer,  as  previously  exemplified,  the  following  observar 
tions  were  made  at  Inchkeith  Lighthouse,  to  determine  the  latitude 
and  direction  of  the  meridian  by  the  pole-star.  For  this  purpose, 
I  resided  on  the  island  a  few  days,  during  which  I  made  several 
observations  on  the  heights  in  the  vicinity  of  Edinburgh,  as  well  as 
some  on  the  latitude  by  the  sun  and  a  Aquilas,  for  which  a  special 
table  was  drawn  up  in  the  manner  already  explained,  by  which  the 
reduction  to  the  meridian  for  the  distance  t  was  made  by  inspection. 
I  chiefly  trusted  those  made  on  the  21st  of  August  upon  the  pole- 
star,  which  I  continued  to  observe  from  about  10  o'clock  in  the 
evening  to  1  o'clock  next  morning.  During  this  period  I  com- 
pleted eight  series  of  double  observations,  reversing  the  circle  each 
time,  or  sixteen*  single  observations,  comprehending  forty-eight 
readings  of  the  verniers  on  each  circle,  accompanied  by  the  times  of 
observations,  and  the  readings  of  the  level.  The  circles  used  were 
six  inches  in  diameter,  having  each  three  verniers  reading  to  10^', 
and  a  level  whose  divisions  each  indicate  2".  Having  made  these 
preliminary  remarks,  so  that  everything  relative  to  my  operations 
may  be  fiilly  understood,  I  shall  record  the  first  series  of  observa- 
tions, and  perform  the  computations  at  full  length,  so  as  to  render 
the  whole  ^operation  clear  and  distinct  to  every  one  having  a  very 
ordinary  knowledge  of  such  subjects.  In  this  record,  I  signifies  the 
height  of  the  English  barometer,  r  the  temperature  by  its  attached 
or  interior  thermometer,  t  the  temperature  of  the  air  by  the  exterior 
thermometer,  in  degrees  of  Fahrenheit ;  Ver.,  the  different  verniers 
of  the  respective  circles  marked  A,  B,  C :  Z.  D.  the  observed  zenith- 
distance  ;  H.  D.  the  horizontal  angular  distance  to  the  referring 
lamp ;  I.  M.  T.  Inchkeith  mean  time ;  G.  M.  T.  Greenwich  mean 
time ;  S.  T,  G.  M.  N.  sidereal  time  at  Greenwich  mean  noon,  &c.* 

*  The  calculations  will  be  most  readily  performed  by  Shortrede*s  Loganthmie 
Tablet,  first  impression  of  1844.  The  later  impressions,  having  half  the  time  argu- 
ments struck  out  are  thereby  far  less  convenient 
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POLARIS. 

Inchkeith,  August  21,  1840,  b  =  29^.70,  r  =  64%  t  =  64^     Error  of 
chronometer  at  10^*^  p.m.  fast  1™  58'.4^  rate  W.7  gaining. 


Obs.   Times. 

h.   m.  ft. 
1.  10  9  5 


2.  10  19  35 


Ver.   Z.  D. 


i        4» 


A  33  84  40 

B  34  25 

C  34  30 

A  33  27  20 

B  27  20 

C  27  30 


Ver. 

A 
B 
C 
A 
B 
C 


H.  D. 


// 


Means,     10  14  20  33  30  55.8 

Error  Cr.—    1  58.4^=   +  0.5 


61  54  55 
54  50 
54  55 
54  60 
54  45 
54  55 

61  54  53.3 


Leyel. 

+      — 

t       o 

24     22 


22     23 


46    45 
45 


LM.T.     10  12  21.6 
Long.  I.    +12  32.0  r 


33  30  56.3 
+         37.2 


2)1 

+  0".5  =  I 


G.M.T.    10  24  53.6T.Z.D.33  31  33.5  =  d 


Refnciion. 

Z.  D.  33°3riog3d.  1.5876 

b  =    29.70  log    .  9.9956 

r  =    64""      log    .  9.9994 

t   =   64        log    .  9.9875 


Sidereal  Time,  t, 
h*    m. 


S.  T.  G.  M.  N. 
I.M.T.  .  .  ^ 
Red.  to  G.M.T. 


9  59  29.28 
10  12  21.60 
+  1  42.65 


r  =    37^2 


log     1.5701 


Sid.  time  obs.      20  13  33.53 
Star's  R.  A.    .      12  36.78 


p        r32'33''.8    tan 
t      19^10"56'.75  cos 


8.4302701  sec 
9.4837861 


u—  0'  28'  12".28  tan         7.9140562  cos 

d=    33*31'33".5cos 


.  .  .  .  =  19  10  56.75 

0.0001575  tan    8.4302701 
.  .  .  .   sin    9.9788502 

9.9999854 
9.9209762 


X      56  30    9  .00 


I      56     1  56  .72 


sin 


9.9211191  sec 


nr 


=      N.  2"  39'  40M5  E  ten 


0.2581391 


8.6672594 


In  the  same  manner  the  remaining  parts  of  the  series  were  computed 
by  the  formate  in  §  16. 

But  since  the  star  moves  in  a  circle,  the  mean  zenith-distance 
and  horizontal  angle  is  not  that  at  the  middle  of  the  arc  described 
during  the  interval  between  the  observations,  as  it  ought  to  be, 


*  Formula  (5),  page  845,  would  give  m  s^  N  2<»  89'  40\04  E.  nearly  the  same. 
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and,  by  investigation,  the  following  corrections  must  be  applied  to 
the  latitude  and  azimuth. 


dl 
dm 


(y  sin  1"  cos  t  +  />"2  sin  »1"  cos  2  <  cot  5)  /  .        .    (11) 
p'  sin  1"  cos  </;  in  this  case  nearly 
p    Binrtaeclf (12) 


in  which /is  the  factor,  from  Table  XVII. 


p"  =  1"  32'  33".8  =  fiSfiS^.e  log     . 
sin  1"  .         .         .  log     . 


3.744590 
4.685575 


N        •  «  // 


p  Sin  ] 

1=  56"  1'  69".6  . 


log 8.430165 

log  secant 0.252812 


p"  sin  1"  sec  /      .         .  log 

h.      m.    8. 

Ist  Obserration    10    9    5 
2d  Obserration    10  19  35 


8.682977 


Mean     .  .     10  14  20 

Mean  —  Ist  =  6  15  V  =  2623  log        ...         .      3.418798 

Log  y  for  one  observation 8.314425 


Log/        .         .         .    1.733223 1.733223 

t  =  \^  ion  56*.75  cos  0.483786  sm  ^ 9.978850 

p"  sin  1"  log       .         .    8.430165  p  sin  1"  sec  /.  log  .      8.682977 


dl=  •¥  0^44  log       .    9.657174  rf  m  =  +  2".48  log 


0.395050 


In  this  way  the  corrections  were  computed  for  the  whole  series, 
and  the  final  results  are  as  follows : — 


No. 


dl' 


1 

56  1  56.72  +  6.44  = 

56  1  57.16 

2 

2     1.14  +  0.33  = 

2    1.47 

3 

2     2.04  +  0.69  = 

2    2.73 

4 

2    2.00  +  0.74 

2    2.74 

5 

1  56.95  +  0.30  — 

1  57.25 

6 

1  58.30  +  0.21  = 

1  58.51 

7 

1  59.70  +  0.29  = 

1  59.99 

8 

2    0.10  +  0.49  = 

2    0.59 

Redaction  to  centre  of  tower  fc 

True  latitude 

.         . 

Successive  values. 

o        / 

u 

56  1  57.16  N 

1 

59.31 

2 

0.44 

2 

1.03 

2 

0.26 

1 

50.98 

2 

0.12 

2 

0.06 

— 

0.24 

56  1 

59.82 
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AffimtOh  of  Light, 

?0. 

H.D. 

m'                      dm 

m 

1 

61  54  53.3 

+      2  39  40.15  +  2r48 

N  64  34  35.d3  E 

2 

62    0  40.5 

-H      2  33  49*35  +  1.24 

31.09 

3 

62    8    3.7 

+      2  26  35.20  4-  2.16 

41.06 

4 

62  14  58.0 

+      2  19  31.10  +  1.92 

31.02 

6 

62  21  15.0 

-H      2  13  24.80  +  0.69 

40.49 

6 

62  27  •  7.4 

+      27  27.60  -H  0.43 

35.43 

7 

62  33    0.0 

+      21  37.20  +  0.52 

37.72 

8 

62  40  14.5      +      1  54  17.20  -H  0.66  . 
Mean  azimuth,         .... 

32.36 

.     N  64  34  35.64  £               j 

Reduction  to  centre  of  tower,    . 
Azimuth  at  centre  of  tower, 

—         36.70 

.     N  64  33  59.94  £ 

Angle  to  Observatory, 

134    9     7.30 

Observatory  bears  from  lighthouse,  .         .        198  43     7.24 

180    0    0.00 


Observatory  bears  from  Inchkeith,   .         .     S  18    43     7.24  W 
Conveigence  of  the  meridians  c"       .         .  —    2  21.50 

Inchkeith  bears  from  Observatory,  .         .       N  18  40  45.74  £ 

The  method  of  computing  d'  will  be  subsequently  given. 

The  Trigonometrical  Survey  station  is  S.  27^  2?  W.,  distant 
6.855  feet  from  the  centre  of  the  dome  or  pillar,  therefore, 

To  the  bearing  of  Inchkeith  above,            .         .        N  18  40  45.74  £ 
Add  reduction, -^  6.74 


Inchkeith  bears  from  Trigonomet.  Survey  station,       N  18  40  52.48  £ 
By  Trigonometrical  Survey,       ....  18  40  53.50 


Mean, 18  40  52.99 

20.  Having  shown  the  method  of  preparing  the  observed  hori- 
zontal angles  for  computation,  of  fixing  the  latitude  of  any  selected 
point,  and  the  bearing  of  another  from  it,  I  shall  now  give  a  few 
rules  and  formulas  for  deducing  from  these,  and  an  extended 
triangulation,  the  latitude,  longitude,  and  azimuth  of  the  principal 
points  of  the  series,  reserving  the  computation  of  heights  to  a  suc- 
ceeding part  of  this  work. 

In  deducing  latitudes,  longitudes,  azimuths,  and  heights  geodeti- 
cally,  it  is  necessary  to  be  enabled  to  convert  readily  any  distance 
measured  in  feet  on  the  earth's  surface  into  arcs;  and  hence  the 
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radius  of  curvature  of  the  measured  arc,  in  any  given  position  on 
the  terrestrial  spheroid,  is  required  by  the  principles  of  the  conic 
sections. 

Now,  the  radius  of  curvature  is  to  an  arc  B",  equal  to  the  radius 
in  seconds,  as  the  distance  in  the  same  measure  with  the  radius  of 
curvature  is  to  the  corresponding  arc  in  seconds.  Let  A"  be  the 
required  arc  in  seconds,  corresponding  to  A,  any  measured  arc  on 
the  earth's  surface  in  feet,  to  which  r  is  the  radius  of  curvature, 

I.       r  :  A  :  :  R"  :  A'  or  A"  =  7-^  A  ....  (13) 

Wherefore,  if  M  be  the  factor  to  convert  a  curvilineal  distance  on 
the  meridian  into  seconds  of  arc ;  P  that  on  the  perpendicular  to 
it ;  and  O  that  on  any  oblique  arc,  making  an  angle  ^  with  the 
miredian;  then,  if  a  denote  the  radius  of  the  equator,  h  the  polar 
semiaxis,  e  the  eccentricity,  and  I  the  latitude : 

n.  M  =  Jl.  (o«  cob  •/  +  i^  Bin  «0*=     ,^    ^  0  —  «'  ain  «/)*  ( 1 4) 

a  "  *  (^  —  ^. 

III.  P  =    ?lca«  COB  H  +  6«  sin  »/)*  =^  (1  —  e"  sin  "/)*        .     (16) 

a*  a 

TV  c\         TLT         f     .   n   •    9         -n  1  — «' (^ — cosVcos'a)  /-^v 

IV.  O  =   M  COB  'a  +  P  Bin  '«  =  P ^ -= J-  .     (16) 

1  — ^ 

From  these  formulae  Tables  XIX.,  XX.,  and  XXI.  have  been 
computed,  the  coefBcient  for  terrestrial  refraction  n,  in  the  two  last, 
having  been  taken  equal  to  0.08  or  ^^  of  the  intercepted  arc, 
which  is  a  sufficient  approximation  to  the  truth  in  ordinary  atmo- 
spheric circumstances. 

21.  Previously  to  the  determination  of  heights  trigonometrically, 
the  curvilineal  distance,  or  its  chord  at  the  level  of  the  sea,  ought 
to  be  augmented  for  the  height  of  the  lower  station,  since  the  radii 
from  the  centre  through  their  summits  diverge  proportionally  to 
that  height.  This  correction  may  be  obtained  from  the  following 
formula,  or  the  results  derived  from  it  arranged  in  a  table.  Let 
K  be  the  chord  of  the  augmented  arc  A  at  the  height  A,  derived 
from  the  arc  a  at  the  level  of  the  sea,  then 

V.  LogK=logo+-"     —  O4^=loga +m^— pen   .         .  (17) 

From  this  formula  Table  XXIV.  was  computed.  The  number  S 
is  the  difference  of  the  log  secant  of  half  the  angle  1;  between  the 
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verticalB  and  log  p  a',  which  contributes  to  greater  accuracy  in 
considerable  heights.  I  shall  now  g^ve  the  necessary  forxnulsd  and 
rules  to  find  latitudes,  longitudes,  and  heights  geodetically.  In 
this  formula  the  second  term^  in  the  right-hand  side  of  the  equation, 
gives  the  reduction  fix>m  the  level  of  the  sea  to  the  height  A,  and 
the  third  term^  the  reduction  of  the  arc  to  the  chordi  as  may  be 
readily  seen. 

ExpkMoHan  ofSjymholsy  with  their  Values. 

A  » the  measured  arc  in  feet  on  the  surfaoe  of  the  TerreBtiial  Spheroid. 
R''  —  an  arc  equal  to  the  radius  in  seconds,  .         .         lo$  5.3144251 


a  =  the  radius  of  the  equator  in  feet, 
b  =  the  polar  semiaxis  in  feet, 

..(f^)4.{(«±m£r:«L}*.o.o8i58i« 


log  7.3206165 
log  7.3101664 

log  2.0115918 


log  3.5228787 
log  6.2322083 
log  4.8434944 


! 


» —  i^+ J  ^  -H  &c  =  9^9  ■*  ellipticity,    . 

/=a«  =  1706900  feet,      .... 

c  «  o— 5-^  i  =  69742  feet,        ... 

I  =■  the  given  latitude  farthest  from  the  equator.  / 

/'  ^  the  required  latitude  nearest  the  equator.  ' 

X  a  the  latitude  of  the  foot  of  the  perpendicular  from  the  required  point, 
upon  the  meridian  passing  through  the  given  point. 

z  » the  given  azimuth. 

s^  SB  the  required  azimuth. 
A  /  ss  the  difference  of  latitude. 

A/>  =  the  difference  of  longitude.  i 

^z=^  the  difierence  of  azimuth  or  convergence  of  the  meridians  passing 
through  the  given  and  required  points. 

Making  A^'«a"  we  shall  have,  from  an  investigation  that  can-         { 

Qi 

not  be  conveniently  given  here, 

(1.)  A/— — a"(l  +  2i— 3ism«0co8«  +a"*isinr'tan/8in";r  (18)* 
(2.)  Ap»Ba''(l  —  fsin'Osin^rsec/  — a'^'sinr'siuiscos^tan/sec/ (19) 
(3.)  A  4?  —  a"  (1  —  f  sin  V)  sin  « tan  T  +  a""  \  sin  1"  sin  «  cos  «     .       (20) 

These  are  the  principal  formuke  generally  required.  In  addi- 
tion to  these,  that  for  determining  an  oblique  arc  o  may  be  added, 

(4.)  Ao  —  a"(l  —  isin«/ +  2f  cosWcos'a)  .         .         .         (21) 

Log  sin  1''  »  4.685575^1og  ^  sm  1''  »  4.384545 

*  Formula  (18)  above  is  sufficiently  correct  for  moderate  distances  not  ex- 
ceeding SO  or  40  miles.  For  greater,  one  term  r"at  least  more  is  required, 
f ''»  —  a'^  sin  1''  tan  ^  sin  ^  cos  z ;  or,  taking  advantage  of  the  preceding  part  of 
the  computation,  {''»  m'  r"  sin  \"  tan  I  nearly,  in  which  m"  and  r**  are  the  results 
of  the  first  and  second  terms  of  the  formula. 
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Introducing  the  values  of  M,  P,  and  O,  of  which  the  logarithms 
are  given  in  Tables  XIX.,  XX.,  and  XXL,  according  to  the  direc- 
tions given  along  with  them,  making  first  r"  equal  to  the  reduction 
of  X  to  Z,  derived  from  the  last  part  of  formula  (18,)  given  in  Tables 
XXII.  and  XXIII.,  and  solving  the  spherical  triangle  after  deter- 
mining the  required  latitude,  these  formula  become — 


(6.)  A/  = 
(6.)  A/>- 
(7.)  Axr  = 
(8.)  f^'  - 


AM  COB  «  +  r"  —  ^"=  A  M  COS  m 
A  P  un  ier  sec  /'  =B  A  P  sin  m  sec  /' 

p"*i8inrtan^ 


—  r"  +  ^" 


(22) 
(23) 
(24) 
(26) 


In  north  latitudes,  the  azimuth  z  is  generally  reckoned  from  the 
south  towards  the  west  or  east,  and  is  the  supplement  of  m,  or  that 
reckoned  from  the  north,  in  the  application  of  which  attention 
must  be  paid  to  the  signs.  Indeed,  in  some  operations,  the  azimuth 
is  reckoned  from  the  south  westwards  round  the  whole  circle,  in 
accordance  with  which  the  arguments  to  Tables  XIX.,  XX.,  and 
XXL,  have  been  so  given.* 


PRACTICAL  RULES. 

22.  To  illustrate  the  method  of  employing  these  formulae  and 
tables  in  calculation,  let  P  be  the  north  pole  in  this  instance,  E  a 
point  in  the  equator,  B  a  point  of  which  the 
latitude  and  longitude  are  known,  T  another 
place  whose  bearing  and  distance  from  B  are 
given,  and  from  these  the  latitude  and  longi- 
tude of  T  and  the  azimuth  of  B  from  T  are 
required.  Also,  let  PBE  be  the  meridian 
passing  through  B,  P  T  F  the  meridian  pass- 
ing through  T,  P3T  the  azimuth  denoted 
by  a  in  the  formulas,  or  w!  or  a!  in  the  tables, 
B  T  the  distance  or  curvilineal  arc  a  in  feet, 
of  which  the  chord  is  A;,  T  X  a  perpendicular 
fit)m  T,  the  required  point  upon  the  meridian 
passing  through  the  given  point  B,  the  dis- 
tance from  the  foot  of  which  to  the  equator, 

*  It  would  perhaps  be  better  to  reckon  the  azimuth  oUtoayt  from  the  elevated  pole, 
whether  in  north  or  south  latitude,  because  the  sign  of  the  cosine  would  give 
the  sign  of  application  to  m"  in  every  case,  while  r"  must  be  considered  always 
negativa 
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measured  by  E  X,  is  the  latitude  of  X ;  ?  the  latitude  of  the  place 
nearest  the  equator,  I  that  of  the  more  distant,  and  T  I  the  parallel 
of  latitude  passing  through  T,  making  E  I  the  latitude  of  T,  or 
that  required.  The  very  small  arc  X  Z,  called  the  reduction  of  X  to 
I  in  Tables  XXII.  and  XXIII.,  must  always  be  subtracted  from 
X  to  give  ?. 

If  this  small  arc  exceeds  the  limits  of  the  tables,  it  may  be  com- 
puted. For  this  purpose,  it  may  be  observed  that  if  p"  be  the  per- 
pendicular arc,  then  p'^K  P  sm  «,  the  argument  to  find  r"  from 
the  tables.     But,  independent  of  the  tables, 

r"  =  A"P"  sin  >  «  i  sin  1"  tan  /  =/>"*  ^  sin  1"  tan  /       .         .  (26) 

the  formula  from  which  the  tables  were  constructed,  and  may  sup- 
ply their  place  in  cases  beyond  their  limits. 

It  must  likewise  be  observed  that  B  X  is  a  small  arc  of  the  meri- 
dian to  be  added  to  the  given  latitude  in  proceeding  towards  the 
pole,  or  subtracted  when  receding  from  it,  to  give  tlie  latitude  of 
the  foot  of  the  perpendicular  X,  the  argument  for  taking  the  log 
P  from  the  tables.  The  argument  to  obtain  log  M  is  half  the  sum 
of  the  latitudes  approximately,  or  ^  (7+2',)  to  be  derived  from  a 
provisory  calculation,  in  order  to  get  the  mean  latitude  between 
the  given  stations.  The  number  of  minutes  to  be  added  to  the 
smaller  latitude  ?,  or  subtracted  from  the  greater  Z,  to  get  ^  (i+f,) 
may  be  computed  by  the  following  rule. 

To  the  constant  log  5.914630,  add  the  log  of  the  meridian-dis- 
tance in  feet,  the  sum  will  be  the  log  of  half  the  difference  of  lati- 
tude in  minutes,  or  ^  (Z — I)  to  be  added  to  f ,  or  subtracted  from 
Z,  to  give  i  (Z+Z')  the  middle  latitude  sufficiently  near  the  truth  for 
taking  log  M  from  the  tables. 

1.  By  a  provisory  calculation  from  the  rule  just  given,  or  by  a 
repetition  of  the  more  accurate  method  now  to  be  shown,  if  thought 
necessary,  find  the  middle  latitude,  or  \  (l-k-t.) 

2.  To  the  logarithm  of  the  curvilineal  distance,  or  arc  a,  add  the 
log  cosine  of  the  azimuth,  or  m^  and  the  log  M  from  Table  XIX., 
answering  to  the  mean  latitude,  or  J  (Z+f,)  the  sum  will  be  the 
logarithm  of  an  arc  of  the  meridian  in  seconds  9n',  to  be  added  to 
the  latitude  I  if  approaching  the  pole,  but  subtracted  from  Z  if 
receding  from  it,  the  sum  or  difference  will  give  X,  the  latitude  of 
the  foot  of  the  perpendicular  upon  the  given  meridian  from  the 
point  in  that  required. 

3.  To  the  log  of  a  add  the  log  sine  w,  the  azimuth,  the  log  P 
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answering  to  X,  the  sum  will  be  the  log  jf^  the  perpendicular  arc 
in  seconds. 

4.  To  the  constant  log  4.384545  (the  log  \  sin  l**)  add  log  tan 
X  and  twice  the  log^",  the  sum  will  be  log  r*,  the  reduction  of  X  to 
I  (dtoaysstihtractive.  This  may  be  also  taken  from  Tables  XXII. 
or  XXin.,  if  within  the  limits  of  the  tables.  It  may  be  observed, 
that  four  times  r^j  answering  to  ^  p'y  will  be  the  reduction  to^' 
nearly,  which  will  extend  the  table,  and  the  results  will  not  differ 
much  from  the  truth.     This,  at  least,  will  be  a  check  to  calculation. 

5.  To  the  log  j/  add  the  log  secant  f ,  the  sum  will  be  the  log 
A  Pj  the  difference  of  longitude,  which,  properly  applied  to  the 
longitude  of  the  place  of  observation,  will  give  the  longitude  of 
the  point  required. 

6.  To  log  A  p  add  log  sine  ^  (Z+f)  and  the  log  secant  J  {I — f ,) 
the  sum  will  be  the  log  A  Zj  the  convergence  of  the  meridians  of  the 
given  and  required  points,  which,  added  to  the  azimuth  m',  at  the 
latitude  nearest  the  equator,  will  give  m,  or  rather  Zj  the  azimuth 
at  the  latitude  farthest  from  it,  and  vice  versa. 

7.  To  the  log  0,  answering  to  the  middle  latitude  and  given 
azimuth  a,  from  Table  XIX.,  add  the  log  of  the  given  distance  a, 
the  sum  will  be  the  log  of  the  intercepted  arc  in  seconds,  which 
measures  the  angle  between  the  verticals  of  the  given  points.  If 
the  log  O  be  taken  from  Cable  XX.,  the  result  will  be  angles  of 
the  verticals  diminished  by  the  effect  of  refraction,  taken  at  0.08, 
of  the  intercepted  arc.  The  log.  O  from  Table  XXI.  is  the  log  of 
i  g  (1+w*,)  employed  in  the  computation  of  heights  by  the  depres- 
sion of  the  horizon  of  the  sea,  the  mean  value  of  n  being  0.08  as 
before.  By  these  rules,  the  position  of  any  number  of  points  may 
be  fixed ;  but  in  practice  a  different  arrangement  is  frequently  fol- 
lowed. 

Suppose  a  parallel  to  the  meridian  of  Edinburgh  and  to  its  per- 
pendicular to  be  drawn  through  each  station,  we  have  the  bearings 
and  distances  of  the  other  stations  from  such  parallels,  calculated 
by  means  of  a  right-angled  plane  triangle,  of  which  the  distance 
or  hypotenuse,  and  the  bearings  or  one  angle,  are  given,  to  find 
the  other  two  sides.  Thus,  let  k  be  the  distance,  m  the  azimuth, 
and  f  the  spherical  excess,  we  have  strictly  a  triangle  deviating 
slightly  from  a  right-angled  triangle,  when  the  spherical  excess  is 
applied,  but  in  all  ordinary  cases  of  practice  the  latter  may  be 
safely  omitted.  Now,  if  x  be  the  distance  from  the  parallel  to  the 
perpendicular  on  the  meridian  in  feet,  y  the  distance  from  the 
parallel  to  the  meridian  also  in  feet,  introducing  i,  we  have — 
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1.  jr— Acofl(m— !•).  a.  ji==Asin(i(i— i  <) 

Omitting  i,aaia  the  geaeral  practice,  and 

3.  I— 'A  cos  m.  4.  ^=-1  Bin  m. 

Tliis  may  be  permitted,  because  cadi  determination  of  a  point  is  an 
independent  operation,  and  vs  not  affected  by  an  accumulation  of 
errors. 

23.  I  shall  now  give  a  general  outline  of  the  method  of  conduct- 
ing the  survey  of  a  country  or  of  an  island  on  the  preceding  prin- 
dpies.     In  tins  case,  it  la  neceBsary  to  determine  the  latitude, 
lon^tude,  and  direction  of  the  meridian  of  any  convenient  point  A, 
aB  has  already  been  shown,  with  reference  to  a  side  of  one  or  more 
of  the  triangles,  such  as  &  A  B,  or  c  A  C,  &c     It  wUl  tben  be 
necessary  to  throw  a  series  of  judiciously  chosen  triangles  over  the 
surface  of  the  island  and  adjacent  islets  as  may  be  near  its  coasts, 
Buch  as  A  B  C,  C  B  Q-,  &c,  so  as  to  embrace  the  chief  features  of 
the  whole  island.     These  points  must  next  be  referred  to  the  prin- 
dpal  meridian  by  means  of  perpendiculars  let  fall  from  eadi  point 
upon  it,  thus  forming  the  absassee  -t-X, — X,  &c  to  the  south  and 
north  of  the  point  A,  and  ordinates  parallel  to  the  perpendicular  to 
it  +  Y, — Y,  &c  to  the  west  and  east  of  the  same  meridian.     These 
are  represented  by  A  a,  A  &,  &c.,  and  D  a,  B  £,  &c,  by  drawbg 
.  temporary  parallels  to  +X, — X,&c.,+Y^ — Y,  &c,  throughout  the 
whole  compass  of  the  survey ;  those 
absassn  to  the  south  of  A  being 
conventionally    reckoned  positive, 
those  to  the  north  negative;  while 
those  ordinates  to  the  east  of  A  are 
considered  negative,  and  those  to 
the  west  positive.     If  a  distance 
as  A  B  cannot  be  deduced  from  an 
adjacent  survey  witii  suffident  pre- 
cision, then  a  fundamental  base  in 
some  convenient  situation  must  be 
measured    with    great    care,   and 
connected  with  some  of  the  sides 
trigonometrically,  from  which  the 
rides  of  the  whole  series  of  triangles 
must  be  deduced  by  calculation  as 
formerly  shown.     This  is,  for  the 
sake  of  distinction,  called  thejm'mar^  *x. 

triangulatioQ,  in  which  the  rides  of 
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the  triangles  extend  from  about  30  to  50,  or  even  occasionally  to  100 
miles.  These  larger  triangles  are  next  broken  down  into  a  smaller 
class,  called  the  aeoondary^  whose  sides  are  limited  to  about  10  or 
15  miles,  in  which  the  angles  may  be  measured  with  somewhat 
inferior  instruments.  The  intermediate  points  are  subdivided  by 
ten  or  twelve  inch  circles  into  triangles  of  3  or  4  miles  a  side,  and 
then  filled  in  by  the  five^inch  theodolite,  the  surveying  compass, 
and  the  chain,  which  may  be  called  the  tertiary  triangulation,  and 
concluding  process. 


364 


TRIGONOMETRICAL  SURVEYING 


TABLE  I. 


THB- POL  LOWING  IS  THE  TRI  ANGULATION  OP  THE  PRECEDING  PIGITRB,  EXPRESSED 
IN  NUMBERS,  WHICH  IS  CHIEPLY  HYPOTHETICAL,  BUT  CONVENIENT  FOR  ILLUS- 
TRATION. 

Bearing  of  the  two  Pritnarp  Sides  in  reference  to  the  Meridian  : — 
-^XAB  -  N.  36»  37'  14".6  W.— XAC  -  N.  ir  3^  S4".0  B. 


No. 

TrL 

Mean  Angles. 

Log.  sines. 

Log.  opp.  sides. 

Opposite  sides 
In  feet. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

A 
B 
C 

A 

D 
C 

B 
G 
C 

D 
C 
E 

C 
E 
F 

C 
G 
F 

G 
H 
F 

H 

I 
F 

H 

h 
F 

0    /     /f 

54  12  48.5 
73  43  0.3 
52  4  11.2 

9.9091286 
9.9822202 
9.8969450 

9.8140212 
9.9994079 
9.8984415 

9.8417399 
9.9991087 
9.8821656 

9.9068452 
9.9769851 
9.9117097 

9.9715939 
9.9621538 
9.8423331 

.9.9.569885 
9.9817893 
9.8217591 

9.9948991 
9.95.S5267 
9.7:03987 

9.7545339 
9.9081038 
9.9998802 

9.8624197 
9.9544138 
9.9702553 

4.4617086 
4.5348000 
4.4495247 

.  4.3494ia5 
4.5348000 
4.4338338 

4.3043397 
4.4617086 
4.3447655 

4.3445495 
4.4146893 
4.3494135 

4.4738080 
4.4643703 
4.3445494 

4.4395695 
4.4643703 
4.3043397 

4.4789415 
4.4395695 
4.2344414 

4.3253720 
4.4789415 
4.5707180 

4.3869745 
4.4789415 
4.4947829 

28094 
34261 
28153 

22357 
34261 
27154 

20153 
28954 
22119 

22108 
25983 
22357 

29772 
29132 
22108 

27515 
29132 
20153 

180  0  0.0 

0    /   // 

40  40  0.8 
87  0  31.6 
52  19  27.6 

180  0  0.0 

Off* 

43  59  45.6 
86  19  49.6 
49  40  24.8 

180  0  0.0 

53  47  55.5 
71  30  40.5 

54  41  24.0 

180  0  0.0 

Off* 

69  30  8.0 
66  25  34.0 
44  4  18.0 

180  0  0.0 

9           f           ff 

64  55  8.0 
73  31  24.0 
41  33  28.0 

180  0  0.0 

0    /    // 

81  14  8.2 
64  30  38.6 
34  15  13.2 

30126 
27516 
17157 

180  0  0.0 

Of           ft 

34  37  40.0 
54  1  35.6 
91  20  44.4 

21153 

'    30126 

3r^l5 

180  0  0.0 

0            f           tf 

46  45  33.85 
64  12  17.85 
69  2  8.30 

34375.2 
30126.0 
31245.2 

180  0  0.0 
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TABLE  U. 


BKARIIfGS  AND  DI9TANCKS,  WITH  THE  CORRESPONDING  NORTHINGS  AND  SOUTHINGS, 

AND  KA8TIN08  AND  WBSTINGA. 


No. 


•) 


TfL 

AC 
CF 
PI 

Meananglei. 

N  I7  &  ^4.0  E 
N    4  15  18.0  E 
N    8  35  16.4  W 

Feet. 
34261.0 
29132.0 
21153.0 

N 
N 

N 

N 

Mer.  Arc. 

Feet 
32658.56 
29051.71 
20915.83 

] 

E 
E 
W 

E 

Perp.  Arc 

Feet. 

10355.38 

2161.46 

3158.70 

"I- 

82626.10 

9358.14 

— 

• 

» 

MIDDLI  SRRIBS. 

AB 
BG 
GH 
HI 

S  is  3&  14'!5   W 
N  25  39  59.6   E 
N  as  25  22.2   W 
N  45  26  19.2  £ 

28153.0 
22119.0 
17157.0 
37215.0 

N 

N 
N 
N 

N 

22595.66 
19936.52 
13981.19 
26112.73 

W 
E 
W 
E 

E 

16793.68 
9580.46 
9944.30 

26515.67 

+ 
+ 

82626.10 

9358.15 

.... 

WBSTBRN8BRIB9. 


3 


AD 
DE 

EP 

PI 


N  58  li  34.8 
N  19    4    1.9 
N  39  49    0.1 
N    8  35  16.9 

E 
£ 
W 
W 

27164.0 
25983w0 
29772.0 
21153.0 

m 

N 
N 

N 
N 

N 

14284.91 
24557.47 
22867.78 
20915.83 

E 
£ 
W 
W 

E 

23092.87  — 
8488.04  -. 

19064.01  -1^ 
3158.70  ^■ 

82625.99 

9358.20  — 

FIRST  BASTXRN  8BRIB8. 


AD 
DC 
CE 
£F 
PI 

N  £8  15  34.8 
N  34  43  53.6 
N  73  45  25.9 
N  39  49    0.1 
N    8  35  16.4 

E            27154.0          N 
W           22357.0          N 
E            22108.0          N 
W           29772.0          N 
W           21153.0          N 

N 

RBCONO  BASTBRN  8BRIB6 

14284.91 

18373.68 

6183.79 

22867.78 

20915.83 

E 

W 

E 

W 

W 

E 

23092.87 
12737.51 
21225.49 
19064.01 
3158.70 

+ 
+ 

82625.99 

9358.16 

FINAL  RESULTS. 


Meuu, 


1. 
2. 
3. 
4. 


North. 

82626.10 

82626.10 

82625.99 

82625.99 


N    82626.04 


Eut. 

9388.14 
9358.15 
9358.20 
9358.16 

E    9358.16 
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TABLE  IIL 

OP  TUB  POINT  A.,  THS  ASTRONOMICAL  LATITCJOB  18  55"  26'  40"  N.,  LONOITUDB  5"  W^ 
W.  ;  THB  PiXBD  POSITION  PROM  WHICH  THB  0THBR8  ARB  DBRIVBD  ^BODSTICALLT  BT 
MBAN8  OP  THB  PRBCBDINO  RBSULTS,  AS  BXPLAINBO  IN  THB  8170CBBOING  PA6XS. 


No.       TrL 


LatltudM  N. 


1  A 55  ^  40.00  N 

2  B 55  30  22.42  N 

8  C 55  32    1.77  N 

4  D 55  29    0.63  N 

5  E 55  33    2.52  N 

6  P 55  36  48.02  N 

7  O 55  33  39.04  N 

8  H 55  35  56.79  N 

9  I 55  40  14.25  N 


I«ongitodfli  W. 

5  l6  2&00  W 
5  15  11.83  W 
5  7  20.23  W 
5  3  38.89  W 
.5  1  lUl  W 
5  6  42.70  W 
5  12  26.23  W 
5  15  19.41  W 
5     7  37.21  W 


The  signals,  to  be  well  observed,  should  be  aboat  ^v^^,  of  the  distanee  in  heifiht,  and 
the  diameter  of  the  bottom  |  of  the  height.  To  be  readilj  seen,  the  angle,  subtended  bj  the 
height,  should  not  be  less  than  20^.    Now,  tan  20"  =  0.0001 ,  whence  the  rule  is  derived. 


24.  In  a  similar  manner  may  a  sarvey  of  the  adjacent  coasts  of 
a  strait,  firth,  or  river  be  completed,  and  the  bearings  and  distances 
of  corresponding  points  on  opposite  sides  be  laid  down,  whether 
they  be  viable  from  each  other  or  not.  This  may  be  readily  done 
in  various  ways,  one  of  which  is,  to  run  two  parallels  or  two  meri- 
dians of  known  distance  from  each  other,  as  may  be  most  convenient 
under  given  circumstances,  and,  by  finding  the  position  of  each 
station  on  its  own  meridian — thaf  is,  ita  distance  on  the  meridian 
from  a  given  point  in  it — and  the  perpendicular  from  it  upon  that 
meridian,  then  these  will  afford  the  means,  by  the  solution  of  a 
triangle,  to  find  the  bearings  and  distances  of  all  or  any  of  them, 
in  such  directions  as  it  may  be  thought  necessary  or  convenient  to 
lay  down  soundings,  leading  marks,  dangers,  &c. ;  by  which  means 
the  nautical  surveyor  will  be  enabled  to  complete  his  chart  in  a 
satisfactory  manner. 

Let  NS,  N'S'  be  the  two  conventionally  chosen  meridians  by  one 
or  more  surveyors,  whose  operations  embrace  the  opposite  shores  of 
a  river  or  strait,  where  it  is  possible  and  safe  to  have  the  necessary 
piles  and  staffs  erected  on  shore,  then  the  perpendicular  distance 
HQ  being  found  by  observations  taken  on  purpose,  the  points  A, 
C,  E,  G ;  H,  I,  L,  O,  P,  may  be  referred  to  their  respective  meri- 
dians NS,  N'S',  as  in  the  following  figure.  By  the  solution  of  the 
right-angled  plane  triangle  HQA,  rightraugled  at  Q,  having  AQ, 
QH  given,  the  angles  QAH,  AHQ  may  be  found,  together  with 
the  side  AH.  Hence  the  angle  IHIA  may  be  found,  consequently 
with  the  sides  IH,  HA,  and  the  contained  angle  IHA,  the  side  lA 
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may  be  found  whether  the  point  A  be  visible  from  H  and  I  or  not. 
Now  the  angle  C AQ  being  known,  and  lAQ  having  been  fotind  by 


computation,  the  angle  CAI  becomes  known.  Whence,  with  the 
given  sides  lA,  AC,  and  the  contained  angle  lAC,  the  side  IC  may 
be  determined. 

It  is  clear  that  this  method,  combined  with  others  easily  deduced, 
may  be  followed  through  the  whole  series,  as  in  the  preceding  ex- 
ample ;  from  which  the  form  and  contour  of  the  shores  and  distances 
on  which  soundings,  dangers,  &c.,  should  be  placed  or  laid  down  on 
a  chart  are  readily  inferred.  Should  the  survey  be  carried  on  in  a 
foreign  country,  or  barbarous  shores,  where,  from  danger,  the  neces- 
sary marks  cannot  be  safely  erected  on  shore,  the  masts  of  lighters, 
boats,  and  barges,  properly  secured,  may  be  used  as  signals,  espe- 
cially if  they  have  polished  frusta  of  cones  of  zinc-plates,  or  sheets 
of  block-tin  fixed  to  the  mast-head.  These  may  have  the  greater 
diameter  about  nine  inches,  the  less  six,  and  the  height  twelve,  or 
in  these  proportions  nearly,  greater  or  less  according  to  the  distance. 
These  will  reflect  the  sun's  image  readily  to  the  observer,  even  in 
thick  weather,  whence  the  angles  will  be  obtained  in  an  easy  and 
satisfactory  manner,  when  the  observer  and  the  objects  are  in  a 
proper  position,  the  time  of  which  must  be  estimated  and  carefully 
watched. 

If  the  lines  of  reference  assumed  are  parallels  of  latitude,  they 
will  continue  equidistant,  but  if  meridians,   they  will  converge 
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towards  the  pole,  and  diverge  towards  the  equator,  and  the  distance 
between  them  will  vary  as  the  radius  of  the  parallel.  In  nice  ope- 
rations of  considerable  extent,  this  variation  cannot  be  neglected, 
though  in  those  of  smaller  magnitude,  it  will  be  so  inconsiderable, 
as,  in  ordinary  circumstances,  to  be  of  little  consequence.  To  take 
this  into  account  when  thought  necessary,  let  R  be  the  radius  of 
curvature  of  any  parallel  whose  latitude  is  Z, 


a  cos  I 
R=(l_^  gin  il^^ — =a  008 1  (1  +€  sin  H)  nearly 


(26) 


Whence,  by  computing  B  for  the  parallels  of  /  and  t^  the  distance 
at  I  may  be  reduced  to  that  at  ?. 

In  surveying  large  rivers,  for  considerable  distances,  this  method 
must  always  be  followed  when  any  approach  to  accuracy  is  desired ; 
the  method  of  surveying  by  the  common  theodolite  and  plotting 
being  quite  ii^adequate  to  secure  the  requisite  precision.  Prony^s 
map  of  the  river  Po  is  a  good  example  of  this  method  of  sur- 
veying. 

25.  If,  however,  a  parallel  to  the  primary  meridian  be  assumed, 
the  operation  will  be  more  simple,  as  it  will  be  unnecessary  to  com- 
pute the  convergence  in  feet,  or  their  distance  at  different  latitudes, 
while  the  latitudes,  longitudes,  and  azimuths  may  still  be  readily 
found  by  the  preceding  rules ;  and  this  is  the  method  generally 
adopted. 

Let  XX  be  the  meridian  passing  through  the  Observatory  of 
Edinburgh,  A,  YY  a  perpendicular  to  it,  x  x^  oiai^  &c.,  parallels  to 
XX,  passing  through  the  stations,  B  Bencleugh,  C  Bencampsie, 
D  Benlomond,  E  Goatfell,  F  Cairn  Aird  in  Islay,  and  K  Kellylaw 


( 


i 


-»- V 


+  X 


in  Fife.    Hence  there  are  formed  the  triangles  ABC,  BCD,  DCE, 
and  EFD,  which  are  treated  as  already  directed,  pages  324,  &c. 
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Haying  detennined  the  bearing  of  Bendeugh,  or  angle  BAX  —  a, 
and  the  distance  AB  =  k^  there  may  be  found  A  a  =  —  a?  and 
B  a  =  +  y,  and  so  on  to  the  last  triangle  AFd;  from  which  the 
absciss  Ad  =  +  a;,  and  Fd=  +  y  are  obtained  from  a  combination 
of  all  the  intermediate  triangles  computed  in  a  similar  manner,  and 
the  results  are  stated  in  a  table. 

Though  the  signs  in  the  following  examples  are  those  employed 
bj  many  engineers,  especially  on  the  Continent,  yet,  in  my  opinion, 
it  would  probably  be  better  to  make  those  of  x  positive  when  they 
increase  the  latitude,  and  negative  when  they  diminish  it.  The 
lines  XX,  &c.,  being  all  parallel  to  XX,  are  therefore,  it  must  be 
recollected,  hot  meridians.  The  latter  meet  at  the  poles,  and  con- 
sequently are  inclined  to  one  another  at  certain  angles.  Thus  the 
meridian  n  sis  inclined  to  XX  at  an  angle  nY  xf"  of  2**  34'  17", 
which  is  called  the  convergence  of  the  meridians,  Az,  and  varies 
with  the  latitudes  and  difference  of  longitude  as  computed  by  for- 
mula (6)  page  359,  and  recorded  for  each  station  in  the  table,  if 
thought  necessary.  It  must  be  properly  applied  to  the  bearings, 
such  as  BAa,  so  as  to  get  the  bearing  of  A  from  B,  called  techni- 
cally, especially  by  marine  surveyors,  the  back  bearing. 

Having  established  these  general  principles,  we  shall  now  illustrate 
the  whole  by  practical  examples.  By  our  operations  at  Inchkeith, 
in  latitude  56°  1'  59^82  N.,  longitude  12»  32"  W.,  we  have  found 
that  Edinburgh  Observatory  bears  S.  18"  '43'  7%24  W.,  distant 
30,272  feet ;  it  is  therefore  required  to  find  the  latitude  and  longi- 
tude of  Edinburgh  Observatory,  and  thence  the  position  of  the 
Trigonometrical  Survey  Station,  in  order  to  connect  these  triangles 
with  it,  so  that  the  results  in  our  examples  may  be  comparable  with 
those  in  the  survey. 


Inchkeith  Light,  latitude,  I  . 
Edinburgh  Observatory,  latitude,  I' 

Sum,  or  /  +  r 

Half,  or  J  (/  +  ^^)     . 

Difference,  or  ^  —  ?  . 
Half,  or  i(/—^)      . 

Edinburgh  Observatory,  longitude, 
Inchkeith  Light,  longitude,    . 

Difference,  or  A />     • 


/     // 


66    2    0  N. 

55  57  16  N. 


Ill  59  16 

55  59  98 

4  44 
2  22 

3  10  46  W. 
3  7  56  W. 

2  50 

2a 
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These  being  points  pretty  well  known,  their  latitudes  and  longitudes 
will  therefore  turn  out,  bj  a  geodetical  computation,  the  same 
nearly  as  stated  above. 

This  operation  is  performed  by  the  formulas  given  at  page  359, 
or  the  subsequent  practical  rules,  by  the  aid  of  the  Tables  XIX., 
XX.,  XXI.,  XXn.,  and  XXUI.;  for  the  method  of  using  which 
tables  their  explanation  must  be  consulted. 

i  (/+/')=56°  59*  38"  log  M=  7.9937224  X  gives  log  P*=7.9928141 

e-^iS  43    7 .24      cos         9.9763985  sine  .         9.5063992 

A=-30272feet  log         4.4810411         .  4.4810411 


m^^-O^    4'42".59    log         2.4511620, />"=1'35".6  log  1.9802644 
;  =  56      1  59.82 


55   57  17.23 
r"=  —  0 .03* 


r=»  55   57  17 .20  secant  ....         0.2519306 


4p-    0     2  50 .68  log 2.2321850 

L'        3     7  56 .00  i  (^+r)=55°  59'  38"       sme  9.9185430 


L=«    3  10  .46 .68     A«=        0°    2'  21^49  log  2.1507280 

18  43     7.24 


m'»  N  18  40   45  .75  £. 

Hence  ?,  the  latitude  of  Edmburgh  Observatory,  is  56*  57'  17''.20 
N.,t  lonptude  L=3*'  KV  46^68  W.,  and  the  bearing  of  Inchkeith 

*  This  ooirection,  r",  may  be  readily  taken  from  Table  XXUI.  in  general    It 
may  also  be  computed  by  the  fonnula  (8),  page  S69. 

Logi^"  X  2  s     .  .  .  8.96051 

Logisinl''         .  4.38455 

Tanx       .......  0.17028 


r^asO^.OSS 8.51634 

which  is  always  smaU,  when  the  difference  of  longitude  ib  not  great  Here  r",  being 
very  small,  {"is  insensible.  It  may  be  remarked,  that  c"  is  additite  when  the  lati- 
tude is  inerecuing,  subtractiye  when  decreasing,  as  shown  at  page  372,  when  our 
method  of  performing  the  calculations  is  employed.  K,  howeyer,  the  distance  does 
not  exceed  80  or  40  miles,  it  is  almost  insensible,  and  may  be  generally  neglected. 
A  like  remaik  may  be  made  relative  to  longitudes  and  asdmutha 

t  The  latitude  observed  with  the  mural  circle  is  55"  57'  28".2,  exceeding  that 
above  by  6" ;  which,  in  a  paper  published  in  JavM9<m*9  Edinburgh  Journal,  in  1841, 
the  Author  endeavoured  to  show,  arose  from  local  attraction.  This  cause  has  been 
assigned,  in  many  similar  cases,  to  account  for  analogous  irregularities,  though,  so  fiir 
as  ho  is  aware,  was  here  for  the  first  time  attempted  to  be  proved  directly  from 
observation,  by  shifting  the  position  of  the  circle.  The  same  course  has  lately  been 
pursued  by  Colonel  Colby  at  Dunnose,  in  the  Isle  of  Wight,  and  at  Balta^  in  Shetland, 
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Light  from  Edinburgh  Observatory,  or  m',  is  N,  18*  40'  45''.75  E., 
agreeing  with  the  result  in  page  356.  Hence,  as  is  stated  there, 
from  the  Trigonometrical  Survey  Station,  near  the  pillar  in  the 
Observatory, — 

Inchkeith  Light  bean  .         .         .         N.  18  40  63.00  £. 

Angle,  Inthkeith,  Gallon,  Bencleugh,    .  73  16  29.28 

Bencleugh  bears  from  Calton  Station  K.  64  35  36.28  W. 

Angle,  Bendeagh,  Calton,  Bencampsie,  .      .         28  43  26.76 

Bencampsle  bears  from  Calton  Station   .        N.  83  19    3.04  W. 

Bendeugh  bears  from  Calton         .         .         N.  64  36  36.28  W. 
Benlomond,  Calton,  Bendeagh,     .         .  18  36  67.00 

Benlomond  bears  from  Calton       .         .         N.  73  12  33.28  W. 
Also,  by  observation,  Kellie  Law  bears  o     i      u 

from  Calton  Station  .         .         .         N.  37  23    4.00  E. 

With  the  distances  in  feet  from  the  Calton  to  these  different  points, 
their  latitudes  and  longitudes  may  be  found  in  the  manner  just  shown. 

From  the  Trigonometrical  Survey  Station  on  the  Calton  Hill, 
then,  there  will  be  obtwied 

1.  Kellie  Law  bears  N.  S&  23     4.00  E.    distant  136083.6  feet. 

2.  Bendeugh  bears  N.  64  36  36.28  W.  distant  146334.6  feet. 

3.  Bencampsie  bears  N.  83  19    3.04  W.  distant  196909.0  feet. 

4.  Benlomond  bears  N.  73  12  33.28  W.  distant  308307.6  feet. 

Though  the  preceding  dcUa  are  sufficient  to  fix  the  positions  of 
the  respective  points  recorded,  yet  we  shall  treat  the  whole  in  a 
systematic  manner  as  a  small  arc  of  a  pacallel  across  the  country, 
in  order  to  exemplify  the  method  of  conducting  such  operations, 
and  deducing  the  results  successively  from  each  other. 

Commencing  at  the  Trigonometrical  Survey  Station  on  the 
Calton  Hill,  fixed  by  our  previous  deductions,  we  shall  now  deter- 
mine the  positions  of  the  places  recorded  above,  beginning  with 
that  of  Kellie  Law. 

1.  Constant  logarithm,  p.  360 6.914630 

a=N.  37^  23^  E.  cosine 9.900144 

A=136083.6  feet 6.130602 

^(l—l')  .  .         .         +0    8'.8N.  m'log    0.946376 

the  extremities  of  the  BritiBh  arc  of  the  meridian,  amounting  to  8"  or  4%  as  noticed 
in  the  Aitronomical  Soeiet^i  Monthly  Papert  in  1847.  The  azimuths  at  our  observa- 
tones  wiU  be  affected  in  a  similar  manner.  For  these  sources  of  inaccuracy,  there  is 
no  other  remedy  than  shifting  the  position  of  the  instrument  to  different  places^  and 
taking  a  mean  of  the  results. 
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i  (/— ^)         Brought  over  +     0*»  8'^ 

r  .         ,         .         .         +  55  67  ^  N. 

i  (/+/') 56    6. IN. 

This  preliminaiy  step  is  only  an  approximation  to  the  middle  lati- 
tade,  or  ^  (2+?),  in  order  to  get  the  argmnent  to  take  the  logarithm 
of  the  factor  M  from  Table  XIX.  for  converting  feet  o^  the  surface 
of  the  earth  into  seconds  of  arc,  to  determine  I  accurately  when  I 
is  known. 

^  (/+  r)==  56  6  6  log  M  =7.9937149  X  gives  log  P,  7.9928071 
m»:  37  23  4  cos  .  9.9001874  sine  .  .  .  9.7833033 
A»      135063.5  log    .     5.1306020      .....     5.1306020 

«"—+()  17  87.92  log    .     3.0244543  pf  «13  2^6.7  log  2.9067124 
r=  55  57  17.20 

X=- 56  14  55.12 
f^=«  —         2.36* 

;»  56 14  52.76  secant  ....         0.2552382 

Ap—0  24 11.95  E.  log  ....         3.1619506 

L«    3  10  46-68  W.  4  (/4-r)=-56*  6'  4\98         .  sin  9.9190916 

LW    2  46  34.73  W.      A«^+    0  20  5.15  log  3.0810422 

m=N.  37  23  4.00  E. 

Bearing  of  Calton,  or  £p»S.  37  43  9.15  W.  from  Kellie  Law. 

2.  Constant  logarithm 5.91463 

a^  54''  36'  cosine    .  .....         9.76289 

A»l  46334.6  log 5.16535 

^  (^-/')  +   0°     7'.0 log  0.84287 

/'     56    57.3 

i(/+0=fi6      4.3 


I 


♦  Logp"   X   2sa 

Log  ifdn  l"as 
X  «56M5'tan 

•                      • 

•                       • 

r"-*— 2».861og 

•                      ■ 

fjiMog 
logfrin  1 
log  tan  X 

j"  «  +  0".02 

log        . 

—5.81342 
4.88455 
0.17511 

0.87808 
8.02445 
4.68557 
0.17511 


8.25821 


f "  -I-  {"  SB  —  2  .84  ss  ootrection  of  x  to  reduce  it  to  L 

The  last  term,  c",  is  generally  so  small  that  it  may  bo  neglected. 
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i(^+r)==:56°    4'.3  log  M=-7.9937170    . 

m^a^""  35' 36^28  COB    .    9.7629597    . 
A=146334.6  log     .    5.1653471    . 


log  P  7.9928086 

sine     9.9111902 

.     5.  J 653471 


O       I 


m^^r+O  13  55.65    log    .    2.9220238, />''=«19  33  log    3.0693459 
r=  55  57  17.20 


X==  m  11  12.85 
r"=  —         4.98 


I'^mil   7.87  secant  . 


0.2545430 


4;7»"+0  35    8.09  log         .         .         .         . 
L'=    3  10  46.68,  ^  (/+i')=^56*»  4'  12\53   . 


o     / 


L=«    3  45  54.77,  AaF«     0  29    9.13 

m^  54  35  36.28 


3.3238889 
.  sine  9.9189323 

.  log  3.2428212 


Bearing  of  Calton,  or  z'=^,  55   4  45.41  £•  from  Bendeugh. 

«S.304  6ti  14.59  W. 

In  the  same  maimer  may  the  computations  of  the  positions  of  the 
other  points  be  performed. 

We  shall,  however,  here  determine  the  position  of  Bencampsie 
from  Bencleugh,  and  then  that  of  Benlomond  from  Bencampsie, 
whence,  in  a  similar  manner,  maj  any  number  of  points  be  fixed  in 
succession. 


Angle,  CaltoD,  Bendeugh,  Bencampsie 
Gallon  bears  from  Bendeagh 

Bencampne  from  Bendeugh  bears    . 

distant  98240.3  feet. 
3.  Constant  logarithm 

flc»50°  29"  cosine 

A    96240.3  feet  log 

^  (^-/0=  —  5M  S.  log   . 
/=  56  11 J  N. 


105  33  43.68 
.  S.  55  4  45.41  E. 

.  S.  50  28  58.27  W. 


^  (/+/')«  56*>     6'.0    log  M  7.9937150  log  P 
Z»  50<>  28'  58".27  cos  9.8036681  sine 
A»  96240.3  log  4.9922897  log 


5.91463 
9.80366 
4.99229 

0.71058 


7.9928126 
9.8872989 
4.9922897 


m''_Oo  i(y  ieM3  log  2.7896728  ;i^«12'  25".4  log   2.8724012 


^  56  11  7  .87 

X=  56  0  51  .74 

,^=  _     2  .00 

r»-  56    0  49  .74  secant 
Ap"-B+o  22   13  .51  log 


0.2525937 
3.1249949 
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4p''=r+  0*»  22'  13"  .61,  brought  over,  log     . 
L'«    346_64^  i  (;+ 0-^66°    6' 58^.8  sine 


r=  4  8  8  .28  AeF=— 0**  18'  26''.82  log 

=  50  28  68  .27 


3.1249949 
9.9190828 

3.0440777 


Bearing  of  Benclengh,  z=^  N.  60  10  31  .46  £.  from  Bencampsie. 

«  S.  230  10  41  .46  W. 
Angle,  Benlomond,  Bencampaie,  Benclengh,  by  o      /     i 

observation,  is  .         .         .         .         .         107  22  41 .33 

Benclengh  from  Bencampsie  bears 

Benlomond  from  Bencampsie  bears 
4.  Constant  logarithm 

ot»=67®  12'  cosine 

A»l  19669  feet  log 

i  (^-^)=  0°  6'.3 
r=-^6  0 .8 


N.  60  10  31.46  E. 

N.  67  12  9.88  W. 

.  6.91463 

.  9.73377 

.  6.07762 


0.72602 


j  (/+  r)=56     6 .1         log  M==7.9937160  log  P 
mr^T  12'  9".88  cos         9.7337331  sine 
A=l  19669  feet    log         6.0776186  log 


=7.9928086 
9.9246865 
6.0776186 


^««+0°  lO' 38".36  log      2.8060667  jp^^ie' 28".6  I     2.9960126 
/'=»   6      0  49.74 


X=  66   11  28.10 
r^=«  ^  3.64 

^66   11  24  .66  secant 


0.2546829 


Z^;>=«+0^  29' 36".62  log       .... 
L'r=    4     8     8  ,28  i  (/+0=56°    6'    7".15  sine 

L=    4  37  44  .90  N.      A«=  0"  24'  34\65  log 

OT==67    12  "  9  .88 

Bencampue  bears,  or 


3.2496956 
9.9190946 

3.1686901 


r»S.  67  36  44  .63  E.  from  Benlomond. 
=  S.302  23  16  .47  W. 


The  following  are  the  azimuths  reckoned  from  the  south  through- 
out the  circle,  and  the  latitudes  and  longitudes  of  the  preceding 
stations  in  pairs,  the  longitude  west  being  marked  +,  east—.* 


NaMBS  or  StATIONB. 

Axlmutli  from  S. 

Latitude  N. 

Longitude  W. 

1.  Calton  Station,    . 

217  28     i'.OO 

65  57  17.20 

+  8  10  46.68 

2.  Kellie  Law,     ,.    . 

87  48    9.16 

56  14  52.76 

+  2  46  84.73 

8.  Calton  Station,    . 

126  24  28.72 

65  67  17.20 

+  3  10  46.68 

4.  Benclengh,      .    . 

804  65  14.59 

56  11     7.87 

+  8  45  54.77 

5.  Benclengh,      .    . 

60  28  68.27 

e        /        // 

56  11     7.87 

+  8  46  64.77 

6.  Bencampsie,    .    . 

280  10  81.46 

56    0  49.74 

+  48    8.28 

7.  Bencampsie,    .    . 

122  4'7  50.12 

56    0  49.74 

+  4    8    8.28 

8.  Benlomond,     .    . 

802  28  15.47 

56  11  24.56 

+  4  87  44.90 

*  In  like  manner,  latitudes  north  may  be  marked  +>  south  — . 


AND  LEVELLING. 


375 


In  the  preceding  table,  the  azimuth  opposite  Calton  dgnifies  that 
Eellie  Law  bears  217''  23'  4".00  from  the  south  towards  the  west 
round  the  circle,  and  conversely  from  Kellie  Law  the  Calton  bears 
S.  37^  43'  9M5  W. ;  and  so  on  of  the  rest. 

26.  Li  some  cases,  the  eastings  and  westings,  and  northings  and 
southings,  are  put  down,  as  already  remarked,  as  co-ordinates',  and 
from  these  the  latitudes,  longitudes,  and  azimuths  are  determined. 
This  gives  some  advantages  and  some  disadvantages,  and  therefore 
may  or  may  not  be  practised  at  the  option  of  computers.  They 
are  tabulated  in  the  following  manner,  the  azimuths  being  ctU  re- 
ferred to  the  meridian  of  Edinburgh. 


No. 

1 
2 
8 
4 

• 

X 

hogx. 

• 

» 

I^f- 

N.  87  23  "4.00  E. 
N.  54  85  86.28  W. 
N.  88  19  8.04  W. 
N.  73  12  83.28  W. 

— 107884.5 

—  84782.6 

—  22914.0 

—  89063.0 

5.0807894 
4.9288068 
4.3601014 
4.9496976 

+  82017.8 
+  119271.7 
+  196571.8 
+  295168.8 

4.9189058 
5.0765873 
5.2913050 
5.4700623 

From  the  co-ordinates  in  this  table  the  positions  may  be  fixed  as 
before,  and  all  referred  to  the  same  meridian.  For  an  exemplifi- 
cation of  this,  see  my  Mathematical  Tables.  To  extend  right- 
angled  triangles  in  this  manner  by  parallels  to  the  primary  meridian, 
however,  should  not  be  carried  too  far.  To  avoid  this,  a  new 
meridian  may  be  assumed  at  the  distance  of  every  two  or  three 
degrees  of  longitude. 

The  method  of  measuring  an  arc  of  the  meridian  may  be  readily 
understood  from  the  figure,  page  362.  Suppose  the  latitude  of  the 
point  A  to  be  accurately  determined,  and  the  azimuths  of  the  sides 
of  the  triangle  ABD  in  reference  to  the  meridian  XX',  then  by 
the  perpendiculars  Da,  Bi,  Co,  &c.,  the  parts  A  a,  aft,  &c,  &c«, 
may  be  found,  the  sum  of  which  will  be  the  total  arc  A  A ;  or  by 
the  intersections  a,  0,  y,  d,  &c.,  the  portions  A^i  o^,  ^y,  &o., maybe 
found,  from  the  sum  of  which  arises  A  A,  the  whole  arc.  Now,  the 
latitude  of  the  point  h  being  likewise  determined,  and  the  azimuths 
of  the  sides  A  H,  A  F  being  also  obtained  as  a  verification  of  those 
derived  from  the  other  extremity  at  A,  the  length  of  the  whole  arc 
A  A  in  feet  with  its  corresponding  arc  in  the  heavens,  the  difference' 
of  latitude  become  known,  from  which  the  length  of  a  degree  at 
the  middle  latitude  will  be  readily  found  by  dividing  the  extent  of 
the  arc  in  feet  by  that  of  its  corresponding  arc  in  degrees. 

In  measuring  an  arc  of  the  meridian,  if  the  perpendicular  I  A, 
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fig.y  page  362,  be  small,  the  points  I  and  h  may  be  considered  as 
nearly  on  the  same  parallel  of  latitude ;  but  if  it  be  somewhat  con- 
siderable, h  is  not  upon  the  same  parallel  with  I,  the  difference  be- 
tween which  is  the  small  arc  of  the  meridian  ^  Z,  fig.,  page  359, 
computed  from  the  formula 

r"=p"«j8ml"tan/        ....         (27.) 

in  seconds  of  arc.  This  formula  may  be  transformed  into  another, 
giving  the  reduction  in  feet  instead  of  seconds ;  and  it  then  becomes 

r  =  i8inl"Mtan/8in««A2  .         .         .         (28.) 

when  «  and  A  are  given,  or  when|i"*  is  given, 

r  =  Jsinry'Ai'tan/  ,         .         .         .         (29.) 

in  which  ^  is  the  reciprocal  .of  M,  readily  obtained  by  using  the 
arithmetical  complement  of  log  M  in  the  computation,  while  y^  is 
the  square  of  the  perpendicular  arc  in  seconds,  found  by  a  previous 
part  of  the  computation,  and  I  the  latitude. 

Constant  logarithm  =  log  ^  sin  1"  =  4.384545. 

Since  the  point  I  is  always  farther  from  the  equator  than  the 
point  A,  the  foot  of  the  perpendicular  from  it  upon  the  meridian, 
this  correction  must  be  applied  to  reduce  h  to  the  same  parallel  as 
I,  and  must  be  added  to  the  arc  of  the  meridian,  when  the  point  I 
is  at  the  end  nearest  the  equator,  but  subtracted,  as  in  this  case, 
when  it  is  farthest  from  it. 

Examples. — 1.  By  the  Trtgonomebnoal  Survey^  vol.  ii.  p.  56, 
giving  an  account  of  the  measurement  of  an  arc  of  the  meridian 
between  Dunnose  and  Clifton,  the  distance,  I  A,  of  the  station  at 
Clifton  is  4770  feet  from  the  meridian  of  Dunnose,  X  X',  on  an  arc 
perpendicular  to  it,  in  the  latitude  of  53°  27'  30*  N.  nearly ;  re- 
quired the  correction  X  Z,  fig.,  p.  359,  of  the  meridian  arc  A  A,  fig., 
p.  362,  in  feet  ?  I  have  found,  from  a  new  computation,  4737.59 
feet,  instead  of  4770  feet. 

Here,  in  leference  to  formnla  (28),  /  =  53°  27'  W^  and 

A  sin  «  =  4737.59  feet. 

Whence  \  sin  I'',  log  ....  4.384545 

Log  M  (Table  XIX.)  to  /  =  53^  2r.5  .  7.993904 

I  =  53^  2T  30"  log  tangent         .         .         .  0.130131 

Log  A"  sin"  xr  =  2  log  of  4737.59  feet  .  7.351112 


r  =  — 0.724  foot^  log        ....         9.859692 

This  reduction  being  required  at  the  end  of  the  arc  farthest  from 
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the  equator,  mnst  be  sabtracted  from  the  arc  between  the  perpen- 

dicularaj  to  redace  it  to  that  between  ihe  parallela. 

From  one  computation,  the  distance  between  the  perpendiculars, 

page  55  of  Trig.  Survey,  vol.  ii.,  is        •        .        1036334.40  feet* 
By  another,  page  67>  it  is  .         .         .         1086333.90 

Mean  of  these  two 1036334.15 

But  the  zenith-sector  was  placed  6.5  feet  south  of  the  theodolite 
station  at  Dunnose,  and  3.5  feet  south  of  the  station  at  Clifton, 
which  increases  the  arc  by  three  feet,  their  difference ;  whence,  by 
applying  these  corrections,  we  have 

Mean  value  from  the  triangles         •         .         •         1036334.15  feet. 
Correction  for  the  positions  of  the  zenith-sector         +        3.00 
Reduction  to  the  parallels      ....        —        0.73 


True  length  of  the  arc  ....         1036336.42  feet. 

in  Ramsden's  scale,  or  1036408.03  feet  of  the  imperial  standard, 
supposing  the  trigonometrical  computations  in  the  survey  to  have 
been  accurately  performed. 

The  length  stated  in  the  survey,  in  which  this  reduction  is  ne- 
glected, is  1036337  feet,  that  does  not  differ  materially  from  the 
preceding  result,  on  account  of  the  smallness  of  the  perpendicular 
arc,  and  for  that  reason  was  probably  omitted. 

New  determination  by  the  author. 

1.  By  Roy's  base  on  Hounslow  Heath 

2.  By  Mudge's  base  on  Hounslow  Heath 

3.  By  Mudge's  base  on  Salisbury  Plain 

4.  By  Mudge's  base  on  Misterton  Carr 

Mean  of  these  four      •         .         .         1036388.79 

which,  divided  by  the  intercepted  celestial  arc  2''.8398389,  gives 
364946.34  feet  for  the  length  of  one  degree  at  the  middle  latitude 
52°  2'  19^  N.,  which  in  metres  is  111233.63. 

2.  The  same  omission  in  the  measurement  of  the  French  arc  of 
the  meridian  between  Montjouy  and  Formentera  would  have  pro- 
duced an  error  of  169.88  French  toises,  on  account  of  the  magni- 
tude of  the  perpendicular  arc  from  Formentera  on  the  meridian  of 
Paris,  had  it  not  been  counteracted  partly  by  an  opposite  error, 
arising  from  the  insufficiency  of  a  formula  of  Delambre,  as  there 
employed,  which  is  given  in  the  third  volume  of  the  Base  du  Sys^ 


FmI. 

FMt. 

1036361.06 

El  =  —  27.73 

1036418.83 

E"  —  +  30.04 

1036408.78 

E»  —  +  19.99 

1036366.48 

£4  —  —  22.31 
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Hme  MStrique^  p&go  4,  illustrated  by  a  numerical  example,  page  190, 
producing  an  error  of  100.07  toisea,  with  a  contra^  ^n.  The 
difference  of  these  two  make  on  the  whole  an  error  of  69.81  toises 
in  the  results  of  the  original  conmiission,  published  in  the  Connau' 
sance  des  Terns  for  1810.  ^This  error  was  first  detected  by  M. 
Puissant,  and  has  been  finally  verified  by  a  new  commission  lately 
appointed  for  that  express  purpose.  This  correction  ought,  there- 
fore, hardly  in  any  case  to  be  neglected.  M.  Puissant,  howerer, 
shows  that  Delambre's  formula,  giving-^ 

1.  (i/s  — Acosc  — ^A>8iii*«tan;+g^AS8m*«oo8ji(l  +  3  tan*  0  in  I'mt,  («) 

the  azimuth  2  being  reckoned  from  the  south,  is  quite  accurate 
when  the  convergence  of  the  meridians,  c*,  is  taken  into  account, 
or  if,  instead  of  Zj  the  azimuth  simply,  {z  +  c*,)  be  employed.  It 
is  certain  that  Delambre  did,  in  some  instances,  understand  the 
formula  in  this  sense ;  but  it  appears  probable  that  he  had  not 
attended  to  it  in  some  manuscript  instructions  communicated  by 
him  to  the  commission  of  1808.  This  last  term  is  the  same  as  ^^  in 
page  358  {note)j  whose  sign  evidently  depends  on  that  of  cos  z. 

2.  d i  =  —a"  ooB  «— a"«  i  sin  1"  tan  I  sin*  «— a">  i  ain"  1"  tan'  Z  sin"  «  cos  »  W 

calling  the  last  term  ^ ",  then  ^'  =  m"  r*  sin  1"  tan  Z,  by  my  investi- 
gations. The  term  §"  will  be  nearly  Insensible  when  the  distance 
does  not  exceed  30  or  40  miles. 

To  avoid  any  difficulty  from  this  cause,  it  may  be  recommended, 
in  general,  to  trace  the  meridian  arc  through  a  continued  series  of 
triangles,  so  that  the  extremities  of  that  arc  may  commence  and 
terminate  In  the  vertices  of  the  first  and  last  triangle,  as  nearly  as 
may  be  convenient.  If  not,  the  small  correction  derived  from  this 
formula  must  not  be  neglected. 

It  has  often  been  alleged  that  the  repeating  circles  of  Mechain 
and  Delambre  could  not  separate  the  double  star  ^  Ursse  Majoris, 
or  rather  show  the  smaller  star  about  15"  distant  from  it  separate 
from  the  larger.  I  cannot  think  this  assertion  credible,  because, 
in  my  small  altitude  and  azimuth  circle,  by  Kobinson,  with  a  power 
of  twenty-five,  they  appear  distinctly  separate,  and,  since  the 
telescopes  of  these  astronomers  possessed  greater  power  than  this, 
those  stars  must  undoubtedly  have  appeared  distinctly  separate. 
This  could  not  therefore,  as  has  been  sometimes  asserted,  be  the 
cause  of  the  Irregularities  In  the  French  arc  of  the  meridian. 


^  J 
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It  would  extend  this  paper  too  much  to  enter  at- length  into  this 
subject,  which  may  be  seen  more  fully  developed  in  the  introduc- 
tion to  my  Mathematical  Tables. 

In  the  computation  of  an  arc  of  any  parallel  whose  latitude  is  X, 
to  obtain  that  portion  of  it  c^P,  corresponding  to  any  oblique  arc  A, 
of  which  the  azimutii  is  Zj  the  latitude  of  one  extremity  is  Z,  that  of 
the  other  l'^  and  the  normal  corresponding  to  ^  is  ^,  and  that  Z'  is  ^', 
then 

-„       ccoflx}..             !*■•        .      1           A*  sin**)  ,  v 

rfP«-7 7>  J  Asin*  — ^-Ts-A'nn* +  ^-75. =-j; — {     .    .    (y) 


Eocample  1. — ^The  distance  of  Benlomond  from  the  Calton  Hill 
station  is  308307.6  feet,  bearing  N.  73'^  12'  33''.28  W. ;  the  latitude 
of  tiie  Calton  Hill  is  55*»  67'  17^20  N.,  longitude  3**  10'  46'.68  W. ; 
the  latitude  of  Benlomond  is  56''  11'  24''.56f  N. ;  required  the  dis- 
tance between  their  parallels,  and  the  arc  of  the  parallel  between 
their  meridians  at  the  latitude  of  56^  N.,  togetiier  with  the  longitude 
of  Benlomond. 


Log  j^  =»  log  1  tin  1"  +  log/;  log^ 

/being  the  factor  from  Table  XIX. 


log  I  Bin"  1"  +  2  log/. 


1.  Let  the  difference  between  the  parallels  be  found  by  for- 
mula (a),  and  then  the  amplitude  of  the  arc  between  the  parallels 
by  formula  (7). 

1.  Z         =  N.  73<>  12'  33".28  W.  cos  9.4607134     Sin*   9.962156    .       .      9.96216 
A        B        308307.6  ft.  log  5.4889842     A*      0.977968    A?  6.46695 


\t       B  +     89063.06  \ 


2t 
8< 


3074.37 
2.94 


4.9496979     V  tan  0.170273 
•.J-      2.377359 

2dtenn,or  21      3.487756 


At 

kuv 
dl 

V 

I 


COB  2 

1 

3« 
Slog 
tan' 2' 

it 


9.4607J 
4.57863 

0.46845 
0.47712 
0.34055 

1.28612 


=  —  19.32^ 

=.  +     85966.43 
66**  4'.4 


4Ui  term. 


log       4.9343289  the  distance  between  the  parallels, 
log  M  7.9937669 


+   0M4'    7".42)log 
55   57  17  .20; 


2.9280958 


s      56    11  24  .62  N. 


2.  Let  the  difference  between  theii'  meridians  be  now  found  by 
formula  (7)  at  the  latitude  of  56''  N. 
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2.  X          = 

56»    0'    0" 
56     0     0 

55»  67'  17".20 
55  67  17  .2(V 

*  308807.6  N. 
5.74'»24'42".41E. 

+  296621.28  ) 
—          10.69  > 
+           S1.63 ) 

logf   7.8216121  ^     4.57862  — 
008      9.7475617  A*       6.46695 

x-        7.0691738             1.04557  — 

•      1.04557 

I'         = 

logf'  7.3216109  sins' 9.98372 

Bin*  2'  9.66745 

V         » 

COB      9.7480694             1.02929 

sec'  r  0.50386 

F'log 
A        » 

y         7.0696803  log  F' 9.99949 

«  —  y  9.9994935   2,t     1.02878  — 
log      5.4889842 
Bin      9.9837246 

logF   9.99949 
3,1       1.51637  + 

1,« 
2,« 

3,« 

log      5.4722023 

dP  +  296642.22  feet  west  from  Gallon  meridian  to  that  of  Benlomond,  in 

latitude  56*  N. 

Otherwise  thus : — 

3.  X  =     56«    0'    0"  log  c    7.3216121    ^    4.57862  — 

A  »     56     0     0  008      9.7475617    A*      6.46695 


7.0691738  1.04557—       .      1.04557 


I  B    56M1'24".62       logc    7.3216166   Bin «  9.98108       Bin's  9.96216 

I  »     56   11  24  .62       COB      9.7454168  1.02665       net^l  0.50917 


F  ...  X— y  0.0021404   log  F  0.00214       log  F  0.00214 

A        »        308307.6  log      5.4889842   21      1.02879—  3(        1.51904  + 

z         sN.73<'12'33".28W.  Bin      9.9810781 


1, 1      »  +  296621.54 )        log      5.4722027 
2, «      =  —  10.69 

3,t     =  +  33.11 


dP      =  +  296643.96  (2) 
+  296642.22  (1) 

Mean  »       296643.09 

By  combming  formula  (13),  page  357,  with  formula  (26),  page 

368,wegetA''  =  ^'A-^l^^^!^R"A    .    .    .    .    (y) 

by  w:hich  d  P  may  be  converted  into  an  arc  of  the  parallel  in 
seconds,  or  the  difference  of  longitude. 

«*log     .                .        .  3.8231836  Calton  longitude      8'*  10'46''.68W. 

X,  56'' Bin'       .        .        .  9.8371484  dp  now  toxmd         1   26  57  .78  W. 

+ 1.0  

—  0.00457438  log      3.6603320  Long,  of  Benlomond  4  87  44  .46  W. 

^^■^"^^■^  «     ^■■^^.■^-^^^— .« 

0.99542562      log      9.9980089    agreeing  with  the  result  in  page  374 

very  nearly. 
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Brought  forward. 


log(l  — ««8m«0*  = 
logR"    . 

a,  e,  log  a 

X      =r  56^  seoant   . 

d  P  =  296643.09  log 


9.9990044 
5.3144251 
2.6793835 

0.2524383        iVbla.— Log  (1  —  «■  sin'  0  «  may 
5.4722342  be  taken  from  my  MathematiccU 

TabUs,  XXIIl. 


dp  =V  26'  57".78        .        .  3.7174855 

In  Marine  Surveying^  a  table  of  meridional  parts  is  generally 
required  to  one  or  two  places  of  decimals,  and  in  cases  of  great 
accm^cy  they  should  be  used  for  a  spheroid  of  about  jhi  of  com- 
pression. If  the  reduction  of  the  latitude  from  Table  XYI.  be 
subtracted  from  the  apparent  or  observed  latitude,  the  meridional 
parts  answering  to  the  remainder  or  geocentric  latitude,  will  be 
those  on  the  spheroid.  I  generally,  however,  prefer  the  following 
formula,  in  which  the  first  term  gives  the  meridian  parts  on  the 
sphere,  and  the  remaining  terms  give  the  corrections  to  reduce  the 
meridian  parts  on  the  sphere  to  those  on  the  spheroid  of  sb  of  com- 
pression. Let  P  » the  meridian  parts  on  the  spheroid  to  2,  the 
observed  latitude,  then 

P  =  7916'.706  log  {log  tan  (46«»  +  i  0  ~  1^} 

—  22'.9182  sin  /  +  O'.Ol  27  sin  3  /  —  &c.         .         .         .    ^30) 

Log  7915'.705  »  3.8984896,  log  22'.9182  «  1.360181,  and 

log  ^.0127  «  2.10380. 

Example  1.  Required  the  meridian  parts  to  latitude  55*"  SO*,  both 
on  the  sphere  and  the  spheroid  ? 

1.  Constant  log  .        3.8984896    2.  Constant  log  .     —1.360181 

46*'  X  i  /  =  72«  45'  .         9.7058012        sin  /  =         .         .      +   9.916994 


l8t  term  =  +  4020^.60  log  3.6042908  2d  term  —  18'.89  log.  —  1.276176 

2d  term=:—     18.89 

3d  term  =  +       0 .00  3.  Constant  log    .         .     +  8.10380 

— = Sin  3  /        .         .         .     +  9.36818 

F  ,     =4001.71  


3d  term  +  0.003  log  +  7.47198 

Hence  the  meridian  parts  for  latitude  55"  SO  are  4020'.60  (the 
first  term)  on  the  sphere,  and  4001.71  on  the  spheroid  of  ,^,  of 
compression. 

Example  2.  Required  the  meridian  parts  for  latitude  56'  30'? 

Ans.  On  the  sphere  P  ....  4127.90 

On  the  spheroid,  or  P/  ^       •         .         4108.80 
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In  this  way  the  meridian  parts  may  be  computed  to  every  degree 
and  minute  throughout  the  extent  of  the  survey.  Now,  when  the 
proper  scale  is  chosen  for  a  degree  of  longitude,  the  differences  of 
the  meridian  parts  for  each  degree,  &c.,  throughout  the  extent  of 
the  survey,  from  the  same  scale,  will  ^ve  the  graduation  of  the 
scale  of  latitude.  Thus,  P— P  =  4108'.80— 4001'.71  =  107'.09 
=  l""  47'.09  to  be  taken  from  the  scale  selected  for  longitade,  to 
give  the  extent  of  a  degree  of  latitude,  between  the  latitudes  5S'  30 
and  SG^'SO,  on  the  terrestrial  spheroid,  as  shown  in  page  292. 
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In  Nautical  Surveying  it  is  sometimes  convenient  or  necessary  to 
find  the  distance  of  a  point  near  the  horizon  of  the  sea  by  its 
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observed  depression  from  a  given  height.  An  imperfect  solution  of 
this  problem  is  given  in  Horsburgh's  edition  of  Mackenzie's  Marine 
Surveying^  section  iv.,  by  considering  the  plane  triangle  right- 
angled^  and  omitting  the  effects  of  curvature  and  terrestrial  refrac- 
tion.* For  this  purpose  let  H  be  the  obtuse  angle  near  the  horiEon, 
formed  by  the  line  from  the  eye  of  the  observer  at  A,  a  given  height 
above  B  at  the  level  of  the  sea,  to  that  point,  and  another  line  from 
the  centre  of  the  earth  to  the  same  point,  D  the  observed  depression, 
H — 90"  =  rf,  <f  the  angle  at  the  earth's  centre,  subtended  by  the 
cord  H  B,  M  the  logarithmic  modulus,  r  the  earth's  radius,  and  h 
the  height  A  B  on  which  the  depression  is  taken,  then  making  log 

—  «  8 .317198,  when  r  is  the  mean  radius  of  the  earth,  the  follow- 
ing  formula  may  be  readily  investigated. 

M  K 

1.  Log  sin  H  =  log  cos  D  + =  log  cos  d 

2.  D  —  <l  =  c^;alsoa^  =  0.42  <f  and  a"  =  0.08  oT  f 
a  Log K  =  log  cosec  (D  —  o^)  +  logco8(D  +  a")  +  logA  I 

4.  Sin  i  H  =  {  i  ^1  ±  sec  D,  [sin  (D  +  J>)  sm  (D  —  D,)]*)  }♦• 

By  reflecting  on  the  steps  of  the  investigation,  it  appears  that 
6.  Sin  J  =  sec  D,  {sin  (D  +  D,)  sin  (D  —  D,)  }  *. 

Because  D,  is  always  a  small  arc,  its  secant  differs  little  from  radius, 
therefore  its  effect  will  be  nearly  insensible. 

In  the  (4.)  formula  D — D,  is  the  difference  of  the  depression  of 
the  given  point  D  and  that  of  the  horizon  D,,  which  difference  may 
be  measured  with  a  sextant,  while  the  depression  of  the  horizon 
may  be  computed  by  the  usual  formulae,  or  observed  with  the  dip 
sector  when  possible,  and  then  J),  and  D — ^D^  become  known  with- 
out the  employment  of  an  altitude-circle  on  shore,  and  in  this  case 
the  upper  sign  must  be  used.    If  the  under  sign  be  used,  the  result- 

*  There  appears  to  be  an  error  committed  in  the  operation  or  solution  of  the 
example,  making  the  distance  7}  miles,  instead  of  4741  feet>  or  about  f  of  a  mile 
only! 

t  In  genorftl  terms — 

a"  =  (0.5  —  «)  —  K  «  (0.6  —  ii)/K  =  (0.5  —  «)  (D  —  rf) 

•"  =  n  —  K  =  n/K  =         «  (D  —  d) 

in  which  n  is  the  coefficient  of  refraction,  computed  firom  the  state  of  the  barometer 
and  thermometer  by  Table  XL,  &c.,  and  /  the  factor  from  Table  XIX.,  to  convert 
feet  on  the  earth's  sur&ce  into  seconds  of  arc  in  the  given  direction  of  the  object. 
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ing  value  of  H  will  be  the  Bupplement  of  that  by  the  upper  in  (4.) 
Formula  (5),  however,  is  preferable,  bj  giving  d  the  arc  here 
required. 

Example.  Let  the  observed  depresnon  of  a  given  point  from  the 
top  of  Goatfell,  in  the  island  of  Arran,  be  D  =  2°  18'  8''.4  by  an  astro- 
nomical circle,  and  the  height  h  of  the  circle  above  the  level  of  the 
sea  be  2861.5  feet;  required  E,  the  cord  measuring  the  distance  of 
the  point  observed  from  the  station  on  which  the  observation  was 
taken? 

Constant  log         .      8.817198 
A  =  2861.5  feet,  log  3.456594 


Sum  5.773792     Natural  number       0.0000595 

D  =  2''  18'     8\4    cosine  .         .         9.9996493 


d  =  2     5    52 .4     cosine  .         .         9.9997068 


</'=  D  —  rf  =       12    16  .0  =  736"  and 736"  x  0.42=  5'  9".12  =  a" 

736"  X  0.08  =    58".88  =  a" 


D 

a" 

=          ..218 

8.4 
9.I9O 

D  + 

2  18    8.4 
+      58.9 

D  — o" 
D  +  a" 
h 

=           .         .         2  12 

=  2**  12'  59^^.3  cosecant 
=  2    19     7  .3  cosine    . 
=    2861.5  feet,  log 

=  73927.6  feet  loff 

59.3, 

• 

a"  =    .         2  19    7^ 
1.4125687 
3.4565938 

K 

4.8688068 

the  first  approximation,  which,  in  moderate  distances,  will  in  general 
be  sufficient. 

For  a  second  approximation,  the  following  method  may  be  em- 
ployed, in  which  log  E  is  that  previously  found. 

5.  Log  oT  =  Const,  log  7.617058  -f  log  K. 

6.  Log  tf*  =  Const  log  6.896900  +  log  K. 

Const,  logs,   Ist    7.617058,     2d  ...        6.896900 

LogK  .         4.868807  ....         4.868807 

a"  =  5'  6M  log      .         2.485865,     a"  =  58^.3  log  .         1.76^707 

2b 
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D  =  2  18    8.4     .         .         2  18    8.4,  D  —  a''  cosecant  1.412406 
a"  =  —  5    6.1     a"  =  +        58.3,  D  +  a"  cosine      9.999644 


D  —a*  =  2  13    2.3,    D  +  a"  =  2  19    6.7  A  log        .         .     3.456594 

K  =  73900  feet       ....         log         •         •    4.868644 

pother  repetition,  using  thb  last  value  of  K,  would  not  produce 
any  sensible  change  in  its  yalue,  and  it  may  therefore  be  reckoned 
correct. 

In  making  use  of  formula  (4)  or  (5),  we  suppose  D — ^D^  the  angle 
between  the  point  whose  distance  is  required  and  the  visible 
horizon,  to  be  measured  with  a  sextant,  and  found  to  be  1®  25' 
29^7. 

To  compute  the  dip  we  have 

Constant  logarithm  .         .         1.771208 

h    =2861.5  feet,    ^  log  .         .         1.728297 


*        t  u 


D,  =    0  52  88.7  \     log,  .         3.499505 

D  —  D  =    1  25  29.7  J  by  observation,  sine     8.395623  ^ 


K 


D  =    2  18    8.4=  sum  ( 

D  +  D  =    3  10  47.1       sine         .         .         8.744047  J 


17.139670 


d     =    2    7  43.3       sine  .        8.569835' 

D    =    2  18    8.4 


D— .<!  =    0  10  25.1 

l(D  — rf)  =06  12.5  =  o^ 

,'o  Cl>  — <*)  =    0    1     2.5  =  a" 

D  — a"  =    2  12  56,9co8ec  .         .         1.412754 

D  +  a"  =    2  19  10.9  coa  .         .         9.999644 

*  A  =28    6     1.5  log  .         .         3.456594 


K    =  73959  feet  log  .  .        4.868992 

Another  repetition,  as  shown  in  last  example,  gives  K  ««=  73900 
feet,  the  true  value,  as  before. 

The  former  method  is  recommended  when  the  observer  has  a 
good  altitude  and  azimuth  circle  ;  the  latter,  when  he  has  a  sex- 
tant or  reflecting  circle  only,  as  is  frequently  the  case  with  nautical 
surveyors. 

*  Note.— Secant  D,  a  0.000051  should  strictly  be  added  to  this  log  sin  d,  but, 
being  small,  may  generally  be  omitted. 
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TRIGONOMETRICAL  LEVELLING. 

1.  Trigonometrical  Levellmg  is  an  operation  which  generally 
accompanies  Trigonometrical  Surveying,  because  the  exact  situa- 
tion of  a  given  point  on  the  earth's  surface  is  accurately  fixed  by 
the  three  co-ordinates,  latitude,  longitude,  and  elevation  above  the 
mean  level  of  the  sea.  The  triangle  formed  in  a  vertical  plane 
above  the  earth's  surface,  in  this  operation,  is  called  a  hypacmebrical 
triangle.^  It  is  formed  by  the  chord  of  the  terrestrial  arc  com- 
prised between  the  verticals  of  the  two  stations  where  the  recipro- 
cal zenith-distances  have  been  observed,  by  the  straight  line  which 
joins  the  two  points  of  observation  and  the  difference  of  level  d  h. 
When  reciprocal  and  simultaneous  observations  are  made — that  is, 
when  observations  are  made  from  two  different  points  on  one 
another  at  the  same  time — ^the  results  are  esteemed  the  most  accu- 
rate, as  the  effects  of  refraction  at  the  two  places  is  determined  by 
observation.  In  the  case  of  reciprocal  and  simultaneous  observa- 
tions, let  3  be  the  observed  zenith-distance  at  the  one  place,  and  d' 
that  at  the  other,  less  than  the  former,  while  C  is.  the  angle  contained 
by  two  vertical  lines  drawn  from  the  surface  of  the  earth  to  its 
centre ;  then  the  difference  of  altitude  will  be  found  by  the  follow- 
ing formulse. 

rfA  =  K8inH*— *08eci(*— ^'+0)     .  .    (1) 

=  K  tan  ^  (fi — d')  very  nearly.  •    (2) 

But  it  frequently  happens  that  reciprocal  and  simultaneous 
observations  cannot  be  observed ;  then,  In  that  case,  if  n  be  the 
coefficient  of  terrestrial  refraction, 

c/A  =  KBeciCcot{«+(ii  — 0.5)  C}     .  .  .    (3) 

=r  K  cot  {t-\-(n  —0.6)  C}  very  nearly.  .  •    (4) 

The  same 'thing  may  be  done  by  the  following  formula,  in  which 
the  first  part  is  the  solution  of  a  right-angled  plane  triangle,  and 

*  From  the  investigatioiiB  of  Laplace,  the  most  appropriate  diHtance,  when  the 
mttttm«iii  errors  of  observation  and  refraction  are  combined,  is  about  40,000  English 
feet,  or  seven  and  a  half  English  miles  nearly ;  bnt  this  distance  is  too  small  for 
primary  triangnlation. 
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the  second  contains  the  effects  of  the  curvature  of  the  earth  com- 
bined with  the  refraction. 

rf  A  =  K  cot  «  +  ~(0.5— »)  .  .  .  .     (5) 

in  which  g  is  the  radius  of  curvature  equal  to  the  mean  radius  of  the 
earth  nearly,  or  exactly  -  «/  sin  1",  in  which /is  the  factor,  from 

Table  XIX.,  to  convert  feet  into  seconds  of  arc. 

To  determine  the  height  of  the  point  of  observation  by  the 
observed  depression  of  the  horizon  of  the  sea, 

rfA  =  Jp(l+ii)«tan"(«— 90>)     .  .  .  .  ,    (6) 

in  which  d-90  may  be  replaced  by  D,  the  observed  depression  of 
the  horizon  of  the  sea, 

c/A=:ip(l+ii)«tan»D (7) 

where  J  g  =«  -y-'  as  before. 

For  many  practical  purposes  the  mean  value  of  n»0.08  of  the 
intercepted  arc,  will  be  sufficient,  and 

rf  A  =  0.6832  ptan«D (8) 

or,  when  the  depression  D  does  not  exceed  a  few  minutes, 

d  A=  0.5832  p  8in«  1"  D'"  nearly.  .  .  .    (9) 

Constant  log.  of  0.5832  p  sin*  1"  =6.457582. 

The  same  value  of  n  might  be  introduced  into  formulae  (4)  and 
(5),  and  the  former  would  become 

rf  *  =:K  cot  (d— 0.42  C) (10) 

the  latter  becomes 

rfA  =  Kcot«+K».^ (11) 

To  K  in  feet,  log  2i*?=  8.802682.  for  correction  in  feet. 

e 

To  K  in  imperial  chains,  logi=5.941720  for  correction  in  feet. 

These  mean   coefficients  are,  however,  combined  properly  in 
Tables  XXI.  and  XXII.,  corresponding  to  formulse  (4)  and  (9). 
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By  a  paper  in  the  Edinburgh  New  Phtloaophical  Journal  for 
April  1841,  I  have  given  the  following  formula  to  compute  the 
value  of  n  in  given  circumstances,  and  the  computation  may  be 
readily  performed  by  the  aid  of  Table  XI.  and  the  auxiliary 
refraction  tables. 


2Bf    Vl 


V- 


+|3(r-50°)/    1-H3'(t— 60o) 


( ^-^^84) 


•    (12) 


a  r 


LogTp5-,=CoiistaDt  logarithm  7.67877. 

This  const,  log.   is  combined    with    the  factor  ( 0.75 — ^)    in 

Table  XI.,  for   the  use  of  which  see   the   explanation  of  the 
tables. 

Example  1. — To  exemplify  these  formulaB,  we  find,  from  obser- 
vations made  by  the  French  engineers,  that  at 


Clermont  Ferrand,  d'= 
Pay  de  Ddme,  d  = 

In. 


•      / 


Also  fc'=28.839,    r^62.7  F.    ^=46.14^ 
b  =26.883,    T  =61.1  F     t  =48.92  F. 

The  base  K  in  EDglish  feet  log, 

To  j;(/+/0=46"  47'  and  a=85'.7  log  o,     . 


C=        6    2'.46 
d— «'=12«67    6.30 

^-«'+C=13    2    7.75 


log, 


|(^^'^C)=  6  31    3.87  secant, 

I  (d^d')=  6  28  32.65  sine    . 

K  .    log,    . 

<f  A  =  3488.42  feet    log,    . 


83  83  33.37 
96  30  38.67 

12  67    6.80 

6  28  32.66 


4.4876708 
7.9930826 

2.4806634 


0.0028161 
9.0522415 
4.4876708 

8.5426284 


the  result  by  reciprocal  and  simultaneous  observations,  which  is 
reckoned  the  most  correct  method ;  but  as  we  have  the  state  of 
the  barometer  and  thermometer  recorded,  we  shall  compute  the 
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same  difference  of  level  bj  formula  (3),  requiring  tlie  calculation 
of  the  value  of  n  by  Table  XI. 


in. 


2.  Log  to  6=25.3d3  and  <=:49  nearly 

r=6r.l    log  X  2  (Table  Vn.,) 
/=48'.92  log  (Table  Vm.,) 
fc=25»».888  log,    . 


«=  0.07187  log, 
Log  C  as  above, 
n— 0.6=  —0.42813  log, 


i/'±=— Oo  2'   9".48    log,    . 
d  =  96  SO  38  .67 


^=  96  28  29  .19    cotangent, 
I  C=:    0    2  31  .22    secant, 
Log  K,       . 

</A=— 3487.61  feet,  log, 


7.45114 
9.99990 
0.00097 
1.40454 

8.85655 
2.4806534) 
1.6815757  i 

.  2.1122291 


—9.0549565 
+0.0000001 
+4.4875708 

—3.5425274 


From  the  sign  — ,  this  shows  that  Clermont  Ferrand  is  3487.6 
feet  under  the  summit  of  Puj  de  Ddme.  We  shall  also  determine 
the  elevation  of  Puj  de  Ddme  above  Clermont  Ferrand. 


In. 

3.  Log  from  Table  XI.  to  b'  =28.839  and  r  =345<' 
T'=    52'.7F.    logx2  (TaWeVII.) 
r=    45M4  P.  log  (Table  Vm.,) 
!►'=     28*».839    log, 

ii'=  0.082402  log, 
—0.6=— 0.5 


7.45178 
9.99976 
0.00442 
1.45998 

8.91594 


n'— 0.5=— 0.417598  log. 
Log  C,  as  before, 

w'=— 0«  2'    6».31    log, 
a'=  83  33  33  -37 


d,=  83  31  27  .06    cotangent, 
i  C=     0    2  31  .22    secant. 
Log  K,  .  .  . 


—  1.6207584 
.  2.4806534 

—  2.1014118 


+9.0550268 
.  0.0000001 
.    4.4875708 


crA=d488.17feet,      log, 


.    3.5425977 
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Nat.  No  n  =0.07187 
n'  =0.08241 


^(n+n' )=0.07714    bj  compntationst^  nearly, 
page  392=0.08334    by  observation  =1^9  nearly. 


Difference,    0.00620    or,  t\t  only. 

This  last  height  agrees  ahnost  exactly  with  the  first  solution  by 
reciprocal  and  simultaneous  observations,  while,  by  the  yalue  of  n 
computed  from  the  formula,  the  results  differ  by  about  half  a  foot 
only, — ^a  strong  proof  of  the  accuracy  of  the  principle  which  I  em- 
ployed in  its  investigation. 

4.  To  determine  the  coefficient  of  refraction  by  observation,  we 
have  r«n  C,  7^=n'  C,  C  being  the  intercepted  arc,  and  n  the  effect 
of  refiraction,  a  part  of  that  arc. 

Bat  i  ir+/)=i  C-J  (d+y— 180*). 

Introducing  this  into  the  preceding  equation,  and  it  becomes  by 
reduction, 

Hn^nO-'^'+f^"^')  ....    (18) 

The  mean  of  the  refractions  at  the  two  stations. 


Now  at  Pay  de  Ddme, 
„  Clermont  Ferrand, 

180'+C- 
180»-K>-<d+«^=^'i  +^, 


// 


8'- 

96  80  38.67 
83  S3  33.37 

•                                              • 

•                                               • 

.     180 
.     180 

4  12.04 

5  2.45 

2.48065    . 
8.85655    log  n',  . 

0 

a 
• 

0  60.41* 

2.48065 
8.91595 

♦  Log  C,  page  889, 
Log  n,  page  890, 

•i«'-.21».74    log,      .  1.83720,    «,''-24\92  log,      1.89660 

$/m,24  .92 

^ ' « -I- 1^0146  .66    computed  refractioiia 
50  .41     obecored  refractionB 


Differenceas  8  .75    a  small  quantity  of  error. 

*  Reciprocal  and  simultaneoua  obserrationfly  thou|^  tiie  beet  method  attainable,  is 
alao  certainly  liable  to  error. 
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t* 


0  50.41 
2C«10    4.90 

11=0.088336 
—0.6 

log, 
log, 

log, 
log, 

• 

7 
5 

• 

• 

« 

• 

—0.416664 
Log  0,  as  before, 

it's:— 0    2    6.0! 
«,=  96  80  38.6' 

• 
• 

log. 

a  =  96  28  82.6i 
K 

cotangent, 
log, 

dh    8488.13  feet,   log, 


1.7026167 
2.7816836 

2.9208331 


.    —1.6197860 
2.4806678 

.    —2.1004438 


.    —9.0550218 
4.4875708 

.    —3.5425921 


Here  the  result  is  the  same  as  before,  and  t/  found  by  observation, 
agrees  ahnost  exactly  with  that  previously  determined  from  the 
computed  value  of  n,  which  is  a  verification  of  the  formula  for 
computing  n.  In  fisust,  the  distance  is  too  small  for  the  refitustion 
to  produce  a  very  marked  effect,  though  this  example  has  been 
selected  by  both  Puissant  and  Biot  to  test  their  formulas.  From 
this,  too,  it  appears  that  the  refraction  determined  by  observation 
is  not  that  at  either  point,  but  a  mean  between  them. 

From  Tenterden  Steeple,  Allington  Knoll  bore  N.85^  47'  25"  E., 
distant  61781.8  feet  of  the  imperial  standard,  the  latitude  of  Ten- 
terden steeple  being  51**  41  8"  N.,  and  that  of  Allington  knoll 
61**  4'  46"  N.;  required  n  the  coefiicient  of  terrestrial  refiuction 
from  the  formula  r^n  C,  r  being  the  refraction,  and  C  the  inter- 
cepted arc? 

From  Table  XIX.  we  obtain  to — 


J  (^^)=51«  4^'  and  a=85'  47*'  log/, 
D=61781.8  feet,  .       log, 


Intercepted  arc=10'  7".87 


log, 


=7.9929486 
4.7908606 

2.7888092  (a) 


// 


90    8  51.00 
90    8  85.00 


d+d'— 180*=  0    7  26.00    observed  mteroepted  arc. 
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«+y— 180  =  0    7  26.00    log(o)  .  2.7888092(a) 

dd-¥d^*       = —       8.01    oompated  correction,  p.  331 


0    7  17.99    corrected  observed  inter- 
cepted arc 
0  10    7.87    computed  intercepted  arc 


Difference,    0    2  49.88 

Half,  0    1  24.99    log,  1.9293678  (b) 

n=  0.18982  ....        1.1456586  (^-a) 

or  n=     ^         of  the  intercepted  arc 


It  b  preferable  to  retain  n  in  the  decimal  form,  in  order  to 
obtain  the  mean  of  numerous  observations  readily. 

I  shall  now  proceed,  from  Inchkeith,  to  determine  the  heights  of 
the  points  mentioned  in  the  preceding  part  of  this  work,  above 
the  sea. 

5.  At  Inchkeith,  in  August  1840, 1  found  the  zenith-distance 
of  the  summit  of  the  dome  of  Edinburgh  Observatory  to 
be  89''  4(y  24\45,  at  the  distance  of  30117  feet,  bearing 
S.,  18*  43'  7*.24  W.,  when  the  barometer  b  stood  at  29.675  in.,  and 
Fahrenheit's  thei^ometer  at  63^8 ;  what  was  the  height  of  the 
summit  of  the  dome  above  the  place  of  observation,  and  above  the 
mean  level  of  the  sea  ? 

Log  from  Table  XI.  to  5  and  ^,  7.44L99 

T=68\8    log  X  2  from  Table  Vn.,  9.99882 

<r=:63.8    log  from  Table  Vm.,     .  9.98769 

6=29 .675  log, 1.47239 


n=    0.081076    log,  ....        8.90889 

—0.5 


n— 0.5=— 0.418924    log,  ....    9.6221352- 

Log  O  for  lat  56'*  and  x»19«  .    7.9936237 

A=80117feet,   log,  ....    4.4788117 


v'rs— 0    2    4.33    log,      ....    2.0945706— 
d  =  89  40  24.45 


^^  89  38  20.12    cotangent,  .    7.7994839 

A=30117    feet,      log,      ....    4.4788117 

<fA=189.80   feet,      log,      ....    2.2782956 
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</As=189.80    feet. 
h  =    4.00=height  of  circle  above  ground. 
A'=175.00»heig^t  of  ground  above  high  water. 
A^=    8.50    half  rise  of  tide. 

H'=377.30  feet,  the  height  of  the  summit  of  the  dome  above  mean 

tide. 
Station       26.90  feet  under  the  dome. 

H  =850.40  feet,  the  height  of  the  axis  of  the  circle  on  the  cylin- 
drical stone  south-west  of  the  Observatoiy,  firom 
which  I  took  the  following  observations  on  Bendengfa. 

6.  From  this  point  the  siunmit  of  Bendeugh  was  observed  to 
have  a  zenith-distance  of  89°  22'  41'.85,  when  the  barometer  stood 
at  29.68  in.  and  Fahrenheit's  thermometer  at  62^,  the  middle  lati- 
tude being  56'  4'  12"  N.,  bearing  N.  54"  36'  W.,  distant  146334.6 
feet ;  required  the  height  of  Bencleugh  above  the  place  of  obser- 
vation, and  also  above  the  mean  level  of  the  sea? 

Tob=  29.68  and  «  =  62*  log  (Table  XI.)           .  7.45022 

r  =  62*                     log  X  2           .         .         .  9.99896 

f=62                      log          ....  9.98927 

&=r  29.68                 log         ...         .  1.47246 

ft=      0.081454       log  ....         8.91091 

—  0.5 

logA  .  .         .  5.1653471 

fi— .0.5=— 0.418546       log  ....  9.6217432  — 

Log  0  to  56""  and  54^6  ....  7.9931205 

r'=-0°10'    2\85     log  ....     2.7802108  — 

d=89  22  41.85 

d,  =89  12  39.00    cotangent         .         .         .  8.1390736 

A  =  146334.6  log 5.1653471 

w A,  from    Table XXIV.  .         .       *.         .  +  73 

S,  from  Table  XXIV +  19 

<IA=2015.72feet,log 3.3044299 

A=  350.40  =  height  of  Cadton  Station. 

H  =  2366.12  =  height  of  Bencleugh. 

In  this  manner  the  elevation  of  any  number  of  points  may  be  deter- 
mined successively. 

The  difference  of  level  may  be  found  approximately  with  suffi- 
cient preciMon  for  many  purposes  by  reciprocal  zenith-distancesi 
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independent  of  triangulation.  This  method  is  not  so  accurate  as 
the  preceding,  but  will  frequently  be  useful  where  tolerable  accu- 
racy only  is  necessary. 

From  a  simple  investigation,  when  n  ==  0.08,  it  will  be  found 
that  the  sum  of  the  refractions,  or 

r  +  r'=i(d  +  d'  —  leo**)  nearly.    .         (14) 

where  d  and  ^  are  the  apparent  zenith-distances.  If  C  be  the  true 
angle  at  the  centre,  and  c  the  apparent, 

C  =  c  +  r  +  r'    .  .         .         •         (16) 

in  which  r  +  r'  is  got  from  formula  (14,)  and  c  =  3  +  ^  — 180**. 

If,  howerer,  n  and  n'  be  computed  from  the  state  of  the  baro- 
meter and  thermometer,  as  has  been  already  shown,  then 


C  = 


(16) 


l-(n  +  «') 

This  value  of  C  will  generally  be  more  accurate  than  the  pre- 
ceding. The  difference  of  level  will  then  be  computed  by  the  fol- 
lowing formula, 

dAsr:2gtaniCtani(«—y  +  r—r')  +  2gtan"iCtan«4(«—y +  r—r^)  (17) 

But  since  r=n  C  and  r'  =  n'  C,  the  preceding  expression  becomes 
by  substitution, 

<i  A«-2 c tan  iC  tan  i  {»—»'+ (fli—iiOC}  +  2(taa'iCtaa>  I  {^—^+{w-^)C}  (18) 
<IA-i2(taniCtanK^-r»0+2ftan>iCtan*^  (>  — O  nearly  (19) 

in  which  the  first  term  wiU  generally  be  sufficient. 


7. 


In. 


Let  ^  =  90  26  43.11,  h  =  28.366,  r  =  44.4,  t  =  44.4  F. 
a'  =  89  64  41.22,  6'  =  29.339,  r'  =  66.4,  f  =  62.7  F. 

From  these, 

d  +  ^  —  180*  =  c  =         20  24.33  n  =  0.08130 

lc=  4    4.87  n'=:  0.08236 


C  =  c  +  Jc  = 


24  29.20 


n-^  n'  =  0.16366 
1.0 


a  — 6  =        31     1.89 
i(a  — «')=        15  30.94 

Logc^  =  log20'24".33 
Log  1  —  (n  +  nO  =   0.83634 

C         =:24'2d'.90 


1  _  (n  +  nO  =  0.83634 


3.08790 
(subt.)       .1.92238 


.     log 


3.16662 
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Formula  (18)  would  give  dh  =  668.77  feet,  scarcely  different 
from  that  by  (19.) 

Logarithm  of  2  R" 5.6154551 

a  .  c  .  log  O  to  i  (/  +  0  =  38*  52'  and  a  =  19"  47'  2.0052373 

^  C  =  (f  12' 14".06  tangent     ....  7.5500681 

^  (d  — d')  =:  0  15  30  .94  tangent     ....  7.6544995 

d  ;k  =  668.63  feet,  log 2.8252500 

From  other  data  the  value  of  rf  A  =  675.5,  exceeding  the  preceding 
by  6.87  feet  only. 

The  arc  measuring  the  distance  is  A  =  ^r     .         .         .  (20) 

in  which  O  is  the  radius  of  curvature  in  the  given  direction. 

The  approximate  distance  may  therefore  be  obtained  by  adding  to 

LogC  3.16677 

a  .  c  .  logO 2.00520 

A  =  148580  feet,  log       ...         .         5.17197 
8.  Application  of  formula  (19)  to  Example  1,  page  389. 

By  oalculation  n'        »  0.08241 
n         B  0.07187 

o    ,      M      n'  —  flKB  0.01054  log  2^02284 

C  »    0    5    2.45     log 2.48066 


C  (»'  ~  ii)  «s    0    0    S.20 )       .        .      log      .        .        .        0.5035C 
«  —  >'  «  12  57    5.30  S 


4  |).^  +  (»'  — »)}  C  B    6  28  34.25     tangent  ....    9.0550514 

i  C  »    0    2  31.22     tangent  ....    6.8651841 

dk^    8488.23    feet  log 3.5426036 

LogC 2.48066 

a  .  0  .  /.  c 2.00691 

A  »  80730.7  feet  nearly  log  4.48757 

Hence,  if  the  horizontal  angles  between  distant  objects  be  roughly 
and  rapidly  measured  at  the  same  time  with  the  zenith-distances, 
the  results  would  be  sufficiently  accurate  for  geological  and  military 
purposes,  as  well  as  for  the  exploration  of  new  countries,  and  such 
other  objects  as  require  a  moderate  degree  of  accuracy  only. 

9.  By  an  astronomical  circle,  the  axis  of  which  was  3.5  feet 
above  tiie  rock,  the  depression  of  the  horizon  of  the  sea  from  the 
summit  of  Dunii,  in  the  island  of  lona,  was  17'  52",  bearing  about 
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S.  70**  W. ;  required  the  height  of  Dunii,  the  highest  hill  in 
|ona? 

Tolat.  56°  20'  N.  and  a  =  70°  log  0",  Table  XXI.  6.458479 

D"  :=  17'  52"  =  1072"  log  X  2  =  .         .         .         6.060390 

c?A  =  330.2  feet,  log  2.518869 

A'  =  —3.5  =:  height  of  circle. 


H  =  326.7  feet,  the  height  of  the  ground. 

This  method  is  sufficient  for  most  cases.     However,  as  circum- 
stances will  occur  where  the  greatest  possible  accuracy  maj  be 

required,  then  J  ^,  from  Table  XIX.  =  ^-^  ,  in  which /is  the  fac- 
tor to  conyert  feet  into  seconds,  will  give,  when  combined  with 
(1  +  n)'  tan^  D,  the  true  height,  with  all  the  accuracy  that  can  be 
expected  from  this  method  when  n  is  computed  by  formula  (12), 
page  389. 


2.   TO  DETERMIKE  THE  HEIQHT  OF  THE  TIDES. 

1.  The  heights  have  hitherto  been  generally  referred  to  the  mean 
level  of  the  sea,  supposed  to  be  the  same  as  if  there  were  no  tides. 

Let  p  be  a  convenient  station  near  the  sea,  from  which  direct 
levelling  can  be  conducted  to  the  shore.  In  a  calm  bay,  well  pro- 
tected, but  sufficiently  open  to  admit  the  ingress  and  egress  of  the 
tide  freely,  let  there  be  placed  a  deal  or  glaas  tube,  having  a 
wooden  float  with  a  divided  stem  fixed  to  it,  projecting  above  the 
wooden  tube,  showing  the  height  of  the  surface  within  it  on  divisions 
on  the  glass  tube,  easily  read  at  the  surface  of  the  water — admitted 
by  a  small  aperture  near  the  bottom  of  each,  to  prevent  the  effect 
of  the  undulations  within  them.  Then  let  A,  h'  be  the  measures  of 
the  difference  of  level  of  two  successive  high  waters,  and  H  that  of 
the  intermediate  low  water  between  A,  A',  H  and  the  fixed  point  p 
near  the  shore,  ^  (A+A')  will  give  the  difference  of  level  between 
the  mean  of  the  two  high  waters  and  p,  whil< 


i{4(*+A') +H}=J(A  +  A'  +  2H)         ...  (1) 

will  give  dhj  the  difference  of  level  between  the  given  pointy  and 
the  mean  level  of  the  sea.  From  a  series  of  observations  of  this 
kind  during  a  lunar  month,  the  height  of  the  station  p  will  be 
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verj  accurately  found,  from  which  a  aeries  of  levels  may  be  carried 
over  the  country  to  be  surveyed  and  levelled. 

2.  Observations  by  the  barometer  and  thermometer  should 
always  accompany  observations  on  the  height  of  the  tides,  since  the 
pressure  of  the  atmosphere  affects  their  rise.  In  fact,  the  tide  rises 
sensibly  less  with  a  high  barometer  than  with  a  low  one,  all  other 
circumstances  being  alike.     The  formula  for  this  purpose  ii 


—18.25  (6— 80»»)  .  (2) 

Combining  these  two,  we  have  the  reduction — 

i(A  +  A'  +  2H)— 18.25(6— W)  (8) 

in  which  h  is  the  observed  height  of  the  barometer,  reduced  for 
temperature  to  the  standard  point  in  the  given  country. 

3.  Let  a  be  the  ahaolute  height  of  the  tide  at  the  time  of  syzygy, 
or  at  new  and  full  moon,  above  the  mean  level  of  the  sea,  then  fbr 
the  coasts  of  Britain  and  France — 

as=uk  ...  (4) 

an  expression  of  which  the  double  will  represent  the  amplitude  of 
that  tide  at  the  given  place. 

The  quantity  u  is  called  the  unit  of  the  height  of  the  tide  at  that 
place,  and  represents  the  height,  above  the  mean  level  of  the  sea, 
of  that  tide  which  takes  place  about  tkirty'six  hours  after  new  and 
full  moon,  when  the  sun  and  moon  are  on  the  equator  at  the  time 
of  syzygy,  at  their  mean  distances  from  the  earth.  The  co-efficient 
kj  whose  magnitude  depends  on  the  declinations  of  the  sun  and 
moon,  and  their  distances  from  the  earth,  unfortunately,  is  not 
given  in  the  Nauticcd  Almanac^  but  is  recorded  in  the  Connauaance 
des  TemSj  computed  by  the  formula  of  Laplace,  given  in  the  M4- 
canique  Celeste^  tome  ii.,  page  289,  and  varies  between  the  limits  of 
0.670  and  1.178. 

The  value  of  this  unit  may  be  deduced  from  formula  (4.) 

f-i  ...     (5) 

by  substituting  for  a  the  quantity  ^^  thirty-six  hours  after  any 
syzygy,  and  for  £,  the  number  in  the  Connatssance  dea  TemSy  from 
article  Tableau  dea  plus  grandea  Mariea.  Knowing  the  value  oik 
for  each  day  in  the  year,  by  its  aid,  and  that  of  the  mean  level  of 
the  sea,  we  can  calculate  the  height  of  high  and  low  water  to  which 
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soundings  are  referred.  For  let  H'  be  the  height  of  the  mean  level 
above  zero,  then — 

High  water  =H'+«t  ...  (6) 

Low  water  =H'— 11*  ...  (7) 

4.  When,  by  observations  taken  as  directed  in  section  (1,)  we 
determine  how  much  the  sjzygial  tide  falls  below  the  mean  level 
of  the  sea,  and  we  wish  to  find  the  lower  level  of  a  great  equi- 
noxial  tide,  which  serves  for  the  datum  of  departure  for  the  reduc- 
tion of  soundings,  we  have — 

a=  uk              .            .                        .            .  (8) 

a'=  « *' (9) 

k  and  k  being  the  coefficients  given  in  the  Cannaissance  des  Tems^ 
corresponding,  the  Jirst  to  the  equinoxial  tide,  the  second  to  the 
syzjgial  tide,  which  has  furnished  the  value  a=^  {h-^h').  From 
these  relations,  calling  a!  the  distance  of  the  mean  level  from  the 
zero  of  the  scale  of  reduction^  we  derive — 

a"=i^'x^'  (10) 

k        4  •  •  • 

In  practice,  k  is  generally  taken  at  1.16,  so  that  the  distance  of 
the  mean  level,  from  that  to  which  soundings  are  referred,  always 
exceeds  the  unit  of  height. 

If  from  the  expression  equatioil  (3) — ^which  represents  the  num- 
ber on  the  scale  to  which  the  mean  level  under  a  mean  pressure  of  30 
inches  of  the  barometer  corresponds,  the  value  of  a"  be  subtracted, 
the  remainder  expressed  by — 

J(A  +  A'  +  2H)— 13.25(6— 80»»)— f  x*±*'  .  .         (II) 

k  4 

will  designate  the  number  to  which  the  low  water  is  referred, 
whence  we  ought  to  set  out  in  reducing  soundings. 

This  will  be  the  constant  number  to  be  subtracted  from  all  those 
which  the  scale  has  indicated  in  order  to  refer  our  observations  to 
the  level  orig^ally  adopted. 

Heights  may  also  be  very  readily  determined  by  the  mountain- 
barometer.  The  calculationB  for  this  piupose  are  very  expedi- 
tiously performed  by  a  set  of  tables  published  by  the  author. 

They  may  also  for  moderate  heights  be  easily  obtained  by  the 
following  formula,  in  which  fi  is  the  observed  height  of  the  baro- 
meter at  the  bottom,  ^  the  corresponding  temperature  of  the 
mercury  by  the  attached  thermometer,  and  t  that  of  the  air  by  the 
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'  detached  thermometer ;  while  b  is  the  height  at  the  top,  r  its  cor- 
responding temperature,  and  t'  that  of  the  air ;  then  H  being  the 
height  in  English  feet — 

T> r 

H«  {48400+60  («+01  ^B — i  —2.75  (r^r")  (1) 

See  Galbraith  and  Butherfurd's  edition  of  Bonnjcastle's  Alff^roj 
page  192,  formula  (8,)  from  which,  in  heights  exceeding  4000 
or  5000  feet,  one  or  two  more  terms  maj  be  introduced,  though 
the  formula  given  will  be  sufBcient  for  almost  any  heights  in 
Britain.  In  the  application  of  that  formula,  care  must  be  taken  of 
the  sign  of  r — r',  that  is,  if  r  in  a  few  rare  cases  exceed  r,  the  sign 
of  r — r  will  be  negoHve^  which,  multiplied  by  — 2.76,  also  negative^ 
will,  by  the  rules  of  algebra,  give  a  positive  quantity  to  be  addedj 
instead  of  subtracted,  as  is  usually  the  case. 

In.  o  , 

Ex.    Let  B«  30.296,        r«76.6,         <=    76.6 
6  =  27.064,        r'«60.2,         «'=    60.2 


B— 6=   3.231,  r-r- 16.3,     «+r=136.7 
B  +  6  =  67.369, 

Ans.  Between  barometers, 3143  feet. 

Reduction  to  level  of  the  sea,       .         •         .  -1-36  feet. 


Total  height  above  the  mean  level  of  the  sea,         3178  feet. 

Galbraith's  Barometric  Tables  will  be  found  very  convenient  for 
computing  heights  by  the  mountain  barometer. 

In  Marine  Survejring,  it  is  seldom  convenient,  and  often  im- 
possible, to  determine  the  direction  of  the  meridian  by  the  pole- 
star,  as  has  been  shown  in  the  preceding  pages ;  and  in  tiie  practice 
of  ordinary  surveying,  such  a  degree  of  precision  is  unnecessary. 
In  this  case,  recourse  may  be  had  to  the  methods  recommended  in 
pages  345,  346,  &c.,  as  illustrated  by  the  following  examples : — 

Eocample  1. — On  the  10th  of  July  1837,  at  7**  A.  M.,  in  latitude 
V  31'  20"  S.,  and  longitude  153^  10'  E.,  the  observed  altitude  of 
the  sun's  lower  limb  was  lO''  30'  0",  and  at  the  same  instant  the 
observed  distance  of  the  sun's  nearest  limb  from  a  well-defined 
point  of  land  on  the  same  level  with  the  eye  to  the  left  of  the  sun 
was   95®  16'  0".     The  index-error  of  the  former  sextant  was 


AND  LEVELLING. 


401 


— (ySO",  that  of  the  latter  +1'10'',  the  height  of  the  observer's 
eye  taking  the  sun's  altitude  being  14  feet ;  required  the  true 
bearing  of  the  point  of  land,  and  the  variation  of  the  compass,  when 
the  magnetic  bearing  of  the  same  point  was  N.  5°  KV  W.  ? 


h.      m.     s. 


// 


Ship  time,  July  9,     19    0    0         To  G.  M.  T.  san  8  P.D. 
Longitude  in  time,    10  12  40E.     Sun's  semidiametery 


112  20  16 
16  46 


Greenwich  Mean  T. 

8  47  20 

Obe.  Alt  L  L, 
Index  error, 
Dip  to  14  feet,     . 
Semidiameter, 

«      <     // 
10  30    0 

—  0  60 

—  3  43 
+   16  46 

Observed  distance. 

Index  error. 

Sun's  semidiameter, 

0              /            // 

.     96  16    0 
.      +     1  10 
.      +  16  46 

Apparent  altitude,     10  41  12 
Correction,  .     —    4  66 


Apparent  central  distance,  96  32  66 


True  altitude. 


10  36  16 


Now  by  the  rule  of  the  circular  parts  of  Napier,  applied  to  the 
right-angled  spherical  triangle  H  O  O,  fig.  page  246, 

Rxco8HO=co800x  cos  HO,  orco8HO  =  cosH  O  sec  OO. 


// 


HO,  or  apparent  distance,     96  32  66     cosine   8.986383 
OO,  or  apparent  altitude,     10  41  12     sec        0.007699 


HO,or  HZO, 


96  38  49     cos 


8.992982 


the  difference  of  the  azimuths  of  the  sun  and  the  object. 

The  sun's  true  azimuth  may  be  computed  by  a  formula  similar 
to  that  for  time,  in  page  339,  ihm 


TO  FIND  THE  AZIMUTH. 

Bule. — Set  down  the  polar  distance,  the  true  altitude,  and  the 
latitude,  then  find  half  their  sum,  and  the  difference  between  this 
half  sum  and  the  polar  distance.  To  the  log  secant  of  the  altitude 
add  the  log  secant  of  the  latitude,  the  log  cosine  of  the  half  sum 
and  the  log  cosine  of  the  difference ;  half  the  sum  of  these  four 
logarithms  will  be  the  log  sine  of  half  the  azimuth  fi:^m  the 
meridian,  to  be  reckoned  from  the  south  in  north  latitude,  and  from 
the  north  in  south  latitude. 

2c 
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Polar  distanoe,  . 
True  altitade^  • 
Latitude, 


112  20  16 

10  36  16 

7  31  20 


secant^     0.007481 
secant,    0.003754 


Sum,      •             .             • 

130  27  52 

Half,      . 

Difference,          •            • 

65  13  56 
47    6  20 

32  44  54 
2 

cosine^     9.622163 
cosine,     9.832924 

19.466312 

Half,      . 

sine,        9.733166 

Sun's  true  bearing, 
Object  to  left  of  sun 

N.65  29  48  £. 
95  38  49 

True  bearing  of  object,    • 
Magnetic  bearing. 

N.30    9    IW. 
N.  5  10    0  W. 

24  59    1  W. 


Variation  of  compass, 

Examph  2.— On  the  Ist  of  May  1834,  in  latitude  33*»  8'  0"  N., 
longitade  !&"  10'  W.,  the  height  of  the  eye  18  feet,  the  following 
obseryations  were  made  to  determine  the  true  bearing.* 


/  M 


*  M 


fa*     in*    t*  « 

Mean  time,  9  35  52  a.m.  Obs.  Alt.,  £i,  52  25  30     Obs.  Dist,-^!!!  34    0 

Longitude,  1     4  40  W.  Dip  to  18  ft,  —    4  12     S.  D.,  +      15  53 

'  ■    ■■  Sun's  8em.-dr.,+  15  53 


Bed.G.T.,10  40  32 


App.  Alt.         52  37  11 


App.  Dist      111  49  63 


App.  Alt., 
Correction, 

True  Alt. 

Polar  distance, 
True  altitude. 
Latitude, 

Sum, 

Half, 
Difference^ 


52  37  11 
—        39 

52  36  32 

•      /      // 
75     0  10 

62  36  32 

33    8    0 

160  44  42 

80  22  21 
5  22  11 


O's  Pol.  Dist,    75*»0'ltf' 


seeant, 
secant^ 


0.216631 
0.077067 


cosine^ 

cosine, 


9.^3346 
9.998090 


Sun's  bearing,       •    S.  69  48  40£.     Reduced  versine,    .        9.515133 

«  The  marks  iSL  mean  the  sun's  lower  limb,  sad  J2(.  tftiowB  the  position  of  tbe 
sun  in  the  cross  wires  of  the  telescope,  Ac. 
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Apparent  altitude,         62  87  11         aecant, 
Apparent  <listanoe,       111  49  53        cosine, 


Z  to  the  right. 
Son's  bearing. 


127  46  25         cosine, 
S.69  48  40  £. 


0.216738 
9.670399 

9.787137 


True    bearing   of 

object,  .     a  57  57  45  W. 


Should  the  object  in  example  1  be  not  on  the  leyel  of  the  eye, 
the  following  method  of  computing  the  angle  HZ©  must  be 
employed. 


M 


App.  Cent.  Dist.  (D)  95  32  55 
Z.  D.  of  point  obseryed,  90  0  0 
San's  apparent  Z.  D.         79  18  48 


cosecant, 
cosecant^ 


Angle  at  zenith. 


95  38  49  as  before. 


0.000000 
0.007600 


Sam, 

.       264  51  43 

sine, 
sine, 

cosine. 

HAlf(H)     . 
Difference  -•  H- 

.       132  25  51.5 
-D»      36  52  WJH 

47  49  24.5 
2 

9.868110 
9.778277 

19.653967 

Half, 

9.826993 

and  this  plan  must  be  always  followed  when  both  zenith-distances 
differ  considerably  from  90^,  or  even  when  it  is  dofuhiful  if  the 
object  be  on  the  same  level  with  the  eye. 


ExamfiU  3. — ^At  Dunii  Cairn,  lona,  on  the  2lBt  of  August  1839, 
in  latitude  Se^"  20"  34"  N.,  longitude  in  time  25"  34'  W.,  obsenra- 
tionswere  taken  with  an  astronomical  circle,  and  reduced  as  stated 
below. 


Mean  time  by  watch, 
Error  of  watch,  fast, 


Mean  time,  •  • 

Equation  of  time, 

Apparent  time,  or  angle  at  the  pole,  f, 


h.     m.    & 
7    9  46.2 
—  11  54.0 

6  57  52^ 
—    3    0.2 

6  54  52.0 
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Polar  distance. 
True  altitude, 
Latitude,     .    . 

Sum, 

Half, 
Difference, 


Azimuth, 


Azimuth, 


77  49    2 

2  42  16 

66  20  34 


secant, 
secant, 


0.000484 
0.266315 


136  51  62 

cosine^ 
cosine, 

sine, . 

68  26  66 
9  23    6 

9.666377 
9.994148 

19.816324 

64    2  13.6 
2 

9.908162 

S.  108    4  27  W. 
180    0    0 

N.   71  W  33  W. 


The  azimuth  may  also  be  determined  by  the  formate  in  page  345, 


Let  /-the  latitude, 
and  <{»the  declination, 

l—d  =    . 


(t-<f): 
(/+rf)= 


h.    m.     a. 

=  3  27  26  cot  9.896022 

=22°  4' 48*  cos  9.966920  sine 

=34  16  46  coseo  0.249600  sec 


66  20  34  N. 
12  10  68  N. 


44    9  36 
2    4  48 


9.896022 
9.676073 
0.082776 


i  ("*^*)=^2  16  18.6  tan  10.111442  \  {m-e)  -  190  39'  18*.6  tan  9.662871 
j^  (if*    €) — 19  39  18,6 

AT  ZTTTm.  xxr  Change  of  azimuth  in 

m=N.  71  66  37.0  W.  10  minutes         2^*  3'64».0 

1.  *=    108    4  27.0  1  minute              12  23 .4 

2.  e=S.108    4  23.0  W.  10  seconds               2    3 .9 

«  1  second  12 .39 

Mean=S.108    4  26     W. 

Arc=     68  64    3  or  horizontal  angle  at  Dunu  by  the  circle  to 

— = Cam  Cul  ri  Eirii. 

Diff.  S.  39  10  22     W.  the  bearing  of  Cam  Cul  ri  Eim  from  Cam 

Dunii  in  lona. 
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Example  4. — On  the  11th  of  August  1841,  at  my  station,  in 
latitude  65^2r66'.74  N.  longitude,  4'' 3735"  W.,  at  4*^40-' 17'^ 
mean  time,  bj  observations  on  the  limbs  of  the  sun,  taken  alter- 
nately above  and  below  the  central  horizontal  wire,  and  to  the  right 
and  left  of  the  vertical  wire,  in  opposite  quadrants  of  the  diaphragm, 
so  that  the  mean  of  all  might  be  that  of  the  sun's  centre  at  the  inter- 
section of  the  wires  in  the  centre  of  the  telescope,  I  found  the  true 
altitude  of  the  sun's  centre,  deduced  from  the  vertical  arc  of  my 
circle,  to  be  24**  25'  45",  when  the  polar  distance  was  74''  47'  14" ; 
while,  by  the  horizontal  arcj  the  angle  between  the  sun's  centre  and 
Ayr  High  Spire,  was  2**  52'  23".3  W.,  distant  1152  feet ;  required 
the  latitude  and  longitude  of  the  spire  ? 


// 


Ans.  The  azimuth  of  the  sun  hy  numerous  obs.  S.  81  16  42.8    W. 
„     ^  spire  „  S.  84    9    6.1     W. 

Reduction  of  station  to  spire,  in  lat.,  —    0    0    1.16  S. 

„  „  „     in  long.,         +00  19.88  W. 

Latitude  of  spire,  .  .  .         55  27  55.58  N. 

Longitude  of  spire,  .  •  .  4  37  54.88  W. 

In  a  similar  way  the  common  theodolite  may  be  employed,  and 
the  result  will  be  within  a  few  minutes  of  the  truth :  whence  also 
the  variation  may  be  obtained  by  taking  bearings  at  the  same  time 
by  the  needle.  These  will  give  results  sufSciently  correct  for  all 
the  usual  purposes  of  the  common  land  and  marine  surveyor, 
who  should  never  trust,  in  remote  localities,  to  the  ordinary  received 
amount  of  the  variation  of  the  compass. 


EonTBUROB,  March  21, 1840. 

The  following  observations  were  made  with  a  five-inch  theodolite, 
to  determine  the  bearing  of  a  point  on  the  west  fix)nt  of  Salisbury 
Crags,  from  a  position  near  the  middle  of  the  Queen's  Park,  east  of 
Holyrood  palace.  The  author  was  assisted  by  two  of  the  Hon. 
East  India  Company's  engineers,  then  receiving  instruction  in  sur- 
veying and  levelling. 

The  theodolite  was  properly  levelled,  and  in  adjustment  in  every 
respect,  the  vertical  wire  of  the  diaphragm  was  made  a  tangent  to 
the  point  whose  bearing  was  required,  while  the  vernier  was  set  to 
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zero.    The  bearing  by  the  needle  was  N.  232^  2(y  E.  from  a  mean 
of  the  theodolite  and  a  Schmalcalder  oompass  needle. 

The  times  by  chronometer  were  also  taken,  so  that  the  asimnth 
might  be  computed  both  by  the  altitude  and  time.  Chronometer 
slow  of  mean  time  12 .5. 


TliMft  A.  M.  by  Chron. 

h. 

m.     t. 

11  26  20 

11  31  40 

11 

35  25 

11 

40  45 

Mean, 

11 

33  32.5 

Cor.y 

+ 

12.5 

Sunli  Hor.  An|^ 

1  N.  141  45E. 

2  142  40 

1  144  30 

2  145  24 


1    a    • 
*    6   • 


34    8ii.iL 

33  45^:;. 

34  21«.  ^ 
33  56  /.  /. 


143  34  45*  App.  Alt.  C.34    2  30* 
180    0    0  Correction,    —    1  19 


E.  M.  T.,  11  38  45    From 
Long.  Ed.,  +  12  43 
G.  M.  T.,  11  46  28 


to  Crags  36  25  15  Son's  traealt.34    1  11 

Sun's  Dec.,      0  22  52n. 
Pol.  Dbt,      89  37    8 


Sun's  polar  distance, 
True  altitude, 
Latitude, 

89  37    8 

34    1  11 

.    55  57  15 

secant, 
secan^ 

Sum,            .            • 

179  35  34 

Half, 
Difference, 

89  47  47 
0  10  39 

cosine, 
cosine, 

• 
O         /        /# 

84  58  46 

2 

cosine, 

From  altitude. 

N.  169  57  32  £. 

Mean  time  at  Edinburgh, 
Equation  of  time. 

• 
• 

Apparent  time,     . 


0.081527 
0.251924 


7.550678 
9.999998 

17.884127 
8.942063 


h.     m.     I. 
11  33  45  ▲. 
—    7  15.8 

11  26  29.2 

12  0    0.0 


Apparent  time  fro 

Sun's  polar  dist., 
Co-latitude, 

m  noon,  ori  = 

0          /           // 

.     A,  89  37    8 
.     <c,  34    2  45 

•  • 

•  • 

5—*,    . 

0  33  30.8 

o        /         y/ 

89  37    8 
34    2  45 

■ 

.  =123  39  53 
.  r=   61  49  56 

=55  34  23 
=527  47  11 
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BY  NAPIER'S  ANALOGIES. 


i  (»  +  X): 


// 


61  49  66       00860  0.0M744  secant 
27  47  11        sine   9.668550  coftine 


k.  n. 


0  16  45.4  tan  8.864780  tangent 


0.326007 
9.946792 

8.864780 


(  («  +  x)=  87  46  66"     cot     8.588074  ^  (i^-«)  cot   9.137579 
I  («^-«)=82  11    2 


let  Bearing,  N.  169  57  57  E.  of  Son. 
2d  Bearing,        169  57  32  page  406. 


Mean, 

Angle, 


N.  169  57  45  E. 

36  25  15  between  Son  and  Cx9ge. 


Bearing,     .  N.  206  23    0  £.  of  the  point  obBenred. 

180    0    0 


Or, 


.  &   26  23    0  W. 


Trae  bearing  of  the  pobit  obsenred. 
Magnetic  bearing,    • 

Variation  of  the  compass, 


N.206  23  E. 
N.232  20  E. 


25  57  W. 


So  far  aa  the  accuracy  of  the  constructioii  of  the  instrument 
employed  can  be  trusted,  this  method  is  recommended  to  the  atten- 
tion of  land-surveyors,  in  preference  to  trusting  to  the  account 
given  of  the  amount  of  variation  in  any  locality,  because  it  is  not  a 
constant  but  a  variable  quantity. 
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CONTOUKS  ON  MAPS. 

1.  A  distinct  idea  may  be  readily  formed  of  the  nature  of  con- 
tours by  conceiving  the  irregular  conical  mass,  represented  by  figure 
1,  Plate  XXXI.,  to  be  a  rock  in  the  ocean,  whose  bottom,  oA,  is 
on  a  level  with  the  surface  of  the  sea  at  low  water.  After  a  short 
time,  the  tide  rises  gradually,  say  to  one  foot,  and  the  surface  of  the 
water  then  corresponds  with  the  first  level  line,  1,^  /  then  with 
2,^/  3,  d^e;  4,  c  ;  and  a,  &,  in  succession.  K  these  successive 
level  lines  be  projected  orthographicaUy  upon  a  plane  by  the  dotted 
lines  A,  A ;  g^^  ;  /,  /',  &c.,  the  irregular  curves  passing  throu^ 
the  projected  points,  A',  g^f^t  C,  <?,  c',  fr,  a',  will  give  the  contours 
of  equal  height  surrounding  the  original  mass,  as  shown  by  the 
figure  in  the  corresponding  elevation  and  projection. 

2.  If  the  ground  to  be  represented  be  of  moderate  extent,  the 
horizontal  curves,  which  in  a  certain  sense  form  the  frame-work, 
are  sensibly  level.  The  line  A  B,  in  figure  2,  on  the  ground,  at 
once  perpendicular  to  all  their  curves,  is  often  one  of  double  cur- 
vatiure,  and  is  named  the  line  of  greatest  slope^  because,  in  fact,  the 
indtnatton  of  a  minuter  portion,  as  A  m  of  that  line  is  greater  than 
that  of  any  other  portion  A  m'  of  every  other  line  A  B',  proceeding 
from  the  same  common  point  A.  Hence,  when  a  plane  is  indined 
to  the  horizon,  its  lines  of  greatest  slope  are  lines  perpendicular  to 
all  the  horizontal  lines  drawn  in  this  plane.  The  horizontal  pro- 
jection of  this  line  of  greatest  slope  is  also  perpendicular  to  the 
projections  of  tiie  lines  of  level.  These  equidistant  contours  may 
also  be  filled  in  by  numerous  lines  of  slope,  as  in  fig.  4,  which,  when 
neatiy  done,  produces  a  good  efiect. 

The  ordnance  maps,  however,  of  this  country,  on  a  scale  of  six 
inches  to  a  mile,  have  the  contour  curves  only  inserted,  and  want 
the  line  shading,  called  hachures.  To  those  acquainted  with  the 
art  of  levelling,  previously  explained,  the  method  of  tracing  these 
contours  in  the  field  is  remarkably  simple.  Long  flag  staves  or 
pickets  are  first  erected,  one  at  the  top,  and  another  at  the  bottom 
of  such  slopes  as  best  define  the  ground,  such  as  ridges  or  water- 
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shed  lines,  and  water  courses.  Should  no  such  sensible  and  easily- 
recognised  lines  exist,  the  poles  must  be  placed  at  about  equal  dis- 
tances, regulated  in  some  degree  by  the  minuteness  required,  and 
the  various  undulations  in  the  surface  of  the  ground.  Almost  close 
with  the  surface,  a  short  stake  or  peg  is  driven  in  the  intended  line 
of  contours,  and  also  in  a  line  between  two  of  the  long  pickets. 
The  spirit-level  is  then  placed  so  as  to  command  the  best  general 
view  of  this  first  line,  and  properly  adjusted.  Care  must  be  taken 
that  its  axis  is  not  so  high  as  to  be  above  the  top  of  the  levelling 
staff,  if  the  latoer  contour  is  to  be  Jirat  traced,  nor  so  low  as  to  cut 
the  ground  under  the  picket,  if  die  higher  contour  is  first  to  be 
traced.  The  staff  is  then  placed  on  or  near  this  peg  or  short  picket, 
and  its  vane  raised  or  depressed  till  the  proper  mark  on  it  is  inter- 
sected by  the  cross  wires  of  the  telescope,  when  the  vane  ought  to 
be  clamped  to  the  staffs  to  retain  it  accurately  in  the  same  position. 
The  staff,  with  its  vane  kept  to  this  height,  is  then  shifted  to  another 
point,  on  or  about  the  same  level,  and  in  a  line  between  the  next 
two  long  pickets ;  the  staff  itself,  with  its  attached  vane,  being 
moved  together  up  or  down  the  slope  till  the  proper  mark  on  the 
vane  coincides  with  the  cross  wires  in  the  telescope  of  the  level, 
turned  in  the  proper  direction,  at  which  point  another  short  stake 
or  peg  is  driven.  This  operation  is  continued  till  the  first  contour 
is  completed.  To  trace  the  next  contour,  the  spirit-level  must  be 
placed  on  or  near  a  picket  in  the  first  curve ;  and  if  the  first  con- 
tour is  the  lowest,  the  vane  on  the  staff  must  be  lowered  such  a 
number  of  feet  as  is  equal  to  the  vertical  distance  between  each 
contonr.  If  the  staff  is  not  long  enough  to  effect  this,  the  position 
of  the  next  contour  may  be  determined  by  the  usual  process  of 
compound  leveUing,  till  the  proper  position  is  obtained.  This 
being  accomplished,  the  same  process  must  be  repeated  to  obtain 
the  second  contour ;  and  so  on,  till  the  whole  is  completed. 

The  use  of  all  these  short  pickets,  indicating  the  contours  in  the 
same  line  down  the  slopes,  is,  when  they  are  to  be  laid  down  on  a 
plan,  to  facilitate  the  necessary  measures  between  the  ori^nal  long 
pickets  and  entering  the  distajice  on  these  lines,  with  the  offsets  to 
the  right  or  left  of  the  short  pickets  or  pegs  which  mark  the  hori- 
zontal lines. 

When  the  difference  of  level  between  two  points,  A'  and  B,  fig. 
3,  has  been  determined,  which  belong  to  the  same  slope^  it  is  evident 
that  these  two  points  are  the  extremities  of  the  hypotenuse  of  a 
right-angled  triangle.  A'  H  B,  right-angled  at  P,  whose  base,  HB, 
and  height,  H  A'  are  respectively  the  horizontal  and  vertical  pro- 
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jectiona  of  that  line.  If,  therefore,  the  equidistanoe  of  the  horisontal 
and  vertical  Blicea  or  sections  be  fixed  at  10  feet,  on  setting  oot 
from  the  highest  point,  A',  A,  there  may  be  drawn  the  horisontal 
lines,  1%  1, 1' ;  2",  2,  2' ;  3",  3,  3',  &c,  each  at  the  distance  of  ten 
feet ;  and  the  points  1',  2,'  3',  &c.  of  the  profile  A'  B,  refened  to 
the  plane,  will  be  those  through  which  the  projections  of  the  hori* 
Eontal  slices  will  pass  to  the  orthogonal  representation  indicated  bj 
the  cnrres.  Performing  the  same  operation  upon  the  profile  A  C, 
the  corresponding  points,  1",  2",  3',  and  of  the  corves  of  level,  T,  1' ; 
2',  2^^;  3',  3^*,  &c.,  that  are  traced  afterwards  mentallj,  and  in  giving^ 
them  the  inflexions  which  the  form  of  the  ground  requires  in  thoae 
parts  which  have  not  been  instrumentally  levelled. 

In  towns  the  vertical  distance  of  these  contours  should  not  exceed 
6  feet,  in  valuable  rich  ground  about  10  feet,  increasing  in  distance 
as  they  are  carried  higher,  and  the  ground  becomes  less  valuable. 

The  plans  may  be  finished  by  lines  called  strokes  or  hackuresy  in 
such  places  as  may  be  thought  desirable,  similar  to  fig^ure  4,  other* 
wise  omitted,  retaining  the  curve  lines  only. 

The  map  of  the  Pyrenees  wiU  afford  an  interestiug  example  of 
the  method  of  finishing  hiU  shading.  The  chain  of  these  moun- 
tains was  surveyed  and  levelled  trigonometrically  in  the  manner 
indicated  in  this  work,  by  Colonel  Corabceuf,  of  the  French  engi^ 
neers,  in  the  years  1825, 1826,  and  1827.  The  instruments  used 
were  ten-inch  repeating  circles  of  Borda's  construction,  and  made 
by  Gambey.  They  were  constructed  of  small  dimensions,  for  the 
sake  of  lightness  and  portability,  that  they  might  be  readily  trana- 
ported  to  the  top  of  these  high  re^ons,  involving  great  difficulties 
of  ascent.  Of  course  the  telescopes  could  not  be  very  powerful,  but 
they  were  found  to  be  fully  sufficient  for  the  purpose  in  these  ele- 
vated regions,  extending  to  ten  thousand  feet  in  height,  where  the 
atmosphere  was  remarkably  dear.  The  levelling  showed  the  mean 
level  of  the  ocean  near  Bayonne,.  and  that  of  the  Mediterranean  in 
the  neighbourhood  of  Perpignan,  to  be  nearly  the  same.  From 
this  operation,  detailed  at  length  in  Nauvelle  DSacripHon  Oio^ 
mitrique  de  la  France^  by  M.  Puissant,  premiere  partie,  page  334, 
&c.,  the  best  maps  have  been  derived,  but  our  limits  will  not  permit 
us  to  give  even  an  abstract  here.  The  methods,  however,  given  pre- 
viously are  quite  sufficient  to  enable  any  intelligent  engineer,  suffi- 
dently  instructed,  to  execute  similar  operations  in  any  part  of  the 
world. 

In  commencing  of  completing  the  survey  of  a  distant  country,  the 
longitude  ought  to  be  fixed  astronomiceJly  with  all  the  accuracy 
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po88ible«  There  are  yarious  methods  of  doing  this,  sach  as  by 
lunar  distances,  by  moon  cubninating  stars,  by  eclipses  and  occul- 
tations.  For  the  methods  of  performing  sach  operations,  see  Gal- 
braith's  McUhemaHcal  TahleSj  Kiddie's  Navigation^  Inman's  Namr 
gation^  Mendoza  Bios' '  Nautical  Tables^  or  the  French  edition  by 
Bichard*  The  tables  for  computing  time,  &c,  in  the  latter  are  not 
so  convenient  as  in  the  English  edition.  To  these  may  be  added 
Coleman  and  Thomson's  Lunar  and  Horary  Tables^  especially  for 
finding  the  longitude  by  lunar  distances  in  a  simple  manner,  though 
less  accurate  in  some  cases. 
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PRACTICAL    EXERCISES 


ON  TBB  MXABURKMSirr  OV  BASES,  DIBTAVCBS,  ETC.,  UlTDBB  PARTICUULB 

CIRCUIIBTAKCBS. 


Example  1. — From  a  convenient  station^  P,  there  could  be  seen 
three  objects,  A,  B,  and  C,  whose  distances  from  each  other  were 
AB  =  8  miles,  AC  =  6  miles,  B  C  =  4  mUes;  I  took  the 
horizontal  angles  A  P  C  =  33*  46',  B  P  C  =  22°  30'.  It  is  hence 
required  to  determine  the  respective  distances  of  mj  station  fix>m 
each  object.  Here  it  will  be  necessary^  as  illustrative  and  prepa- 
ratory to  the  computation,  to  describe  the  manner  of 


Construction* 


Draw  the  given  triangle  ABC  from  any  convenient  scale. 
From  the  point  A  draw  a  line  A  D  to  make  with  A  B  an  angle 
DAB  equal  to  22**  SCV,  and  from 
B  a  line  BD  to  make  an  angle 
DBA  equal  to  33*"  45'.  Let  a 
circle  be  described  to  pass  through 
their  intersection  D,  and  through 
the  points  A  and  B.  Through  C 
and  D  draw  a  straight  line  to  meet 
the  circle  again  in  P,  which  is  the 
point  required.  For  drawing  P  A, 
P  B,  the  angle  A  P  D  is  evidently 
equal  to  A  B  D,  since  it  stands  on 
the  same  arc  A  D  ;  and,  for  a  like 
reason,  BPD  =  B  AD.  So  that 
P  is  the  point  where  the  angles  have  the  assigned  value. 


AND  LBYELLINa. 
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GRAPHICAL  SOLUTION  FOR  THE  USE  OF  MARINE 

SURVEYORS,  &c. 

Let  A  B  C  be  the  given  triangle,  constructed  as  before :  lay  the 
centre  of  the  protractor  over  the  point  A,  with  the  division  33**  45',  on 
the  mde  A  C,  and  mark 
the  point  90**;  produce 
the  line  A  90**  to  1 ;  bi- 
sect A  C  in  D,  and  draw 
.D  1  at  right  angles  to 
A  C,  the  point  of  inter- 
section 1,  is  the  centre 
of  the  circle  A  C  P 
which  will  contain  an 
angle  APC,=  33*45^ 

Again,  lay  the  pro- 
tractor on  the  point  B, 
with  the  division  22**  3(y 
on  B  C,  and  mark  the 
point  90°:  produce  the 
line  B  90**  to  2 ;  bisect 

the  side  B  C  in  E,  and  at  right  angles  to  B  C  draw  E  2,  meet- 
ing B  2  in  2 ;  the  point  2  will  be  the  centre  of  a  circle  C  B  P, 
which  will  contain  an  angle  B  P  C  =  22**  30^,  and  intersecting  the 
former  circle  in  P,  the  point  required. 

With  a  scale  of  chords  this  may  also  be  easily  effected,  by  mak- 
ing the  angle  C  A 1  equal  to  the  complement  of  the  observed  angle 
A  P  C,  and  C  B  2  equal  to  the  complement  of  B  P  C ;  the  points 
of  intersection  1  and  2  will  be  the  centres  of  the  required  circles 
which  determine  the  point  P,  as  before. 

The  same  thing  may  be  done  by  placing  90''  upon  A  C,  and 
pointing  off  33°  45'  from  the  other  end  of  the  protractor  I,  and 
22°  30'  from  L  ;  that  is,  making  the  pomts  90°  and  33°  45'  and 
90°  and  22°  30'  exchange  places.  The  truth  of  this  construction, 
which  has  been  long  used  by  the  author,  is  obvious  from  Euclid 
m.  and  32 ;  that  is,  the  angle  between  the  chord  A  C  and  the 
tangent  A  H  is  equal  to  the  angle  A  P  C  in  the  alternate  segment 
of  Ihe  circle  A  P  C.     In  like  manner,  K  B  C  =  B  P  C. 

Should  the  point  of  observation  fall  within  the  triangle  ABC, 
or  should  P  and  D,  in  the  first  figure,  interchange  places,  make 
A  B  P  =  A  D  P,  equal  to  the  supplement  of  A  D  C,  the  observed 
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angle ;  and  B  A  P  —  B  D  P,  the  supplement  of  B  D  C,  the  other 
obeeired  angle :  then  about  the  triangle  A  P  B,  describe  the  circle 
A  P  B  D ;  join  P  G,  cutting  the  circle  in  D,  the  point  required. 


In  the  triangle  A  B  C,  all  the  sides  are  given ;  to  find  the  angles. 
In  the  triangle  A  B  D,  all  the  angles  are  known,  and  the  side  AB; 
to  find  both  or  one  of  the  other  sides  A  I).  Take  BAD  fix>m 
BAG,  the  remainder,  D  A  G,  is  the  angle  included  between  two 
known  sides,  A  D,  A  G ;  firom  which  the  angles  A  D  G  and  A  C  D 
may  be  found.  The  angle  G  A  P=180*»— (A  P  C+ A  G  D).  Also, 
BGP=  BGA  — AGD;  andPBG=  ABG  +  PBA  =  ABG 
+  sup  AD  G.  Hence  the  three  required  distances ^are  found  by 
these  proportions. 

AssinAPG:  AG::  BmPAG:PG,  and  ::  smPGAiPA; 
and,  lastly,  as  sinBPG  :  BG  :  :  smBGP  :  BP.  Theopenir 
tion  at  length  is  as  under : — 

By  Bule  IE.,  Case  III.,  Oalbraith's  MaihmnaJAxi  TMm^  we  have, 
using  natural  numbers  when  small — 

Sin  \  BAC=^|i^-y^-J«•»6=s8inU•28'30r^«•d 

BAG- 28*  67' 18". 

Sio  i  ABC  =  ^j  J-~^  =:  i  V 10  = -3961847  s  sin 28^  in*  i.  and 

ABC-46»84'3". 
Sin  \  AGB:=  ^]-|-^  ^  v^i=4  Vl0  =  *7906e94  =  8iii62«14'19"^,and 

AC  Bm  104'' 28^39". 

DABs22«30'    CAB=28'67'18*  180»   O   0' 

DBA      83  46     DAB  =  22  30    0  D AC-     6  27  18 


T 


Sam     66  16     D  A  C  -    6  27  18         A  D  C  +  A  C  D  =  173  32  42 
180     0  |(ADC  -f  ACD)^   86  46  21 


ADB    128  46 
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A8  8inADB12dM6'arco  log 0.0801536 

IstoAB           Smiles 0.9080900 

So  is  Bin  A  B  D  88M5' 9.7447390 

To                  AD  log 0.7279826 

A  C  6  miles,  log  -f  10 10.7781513 

Arc      .      48*18'   7"  tan  10.0501687 
Snbtnct     45     0    0 

0 

Remainder   3   18    7  tan 8.7611283 

J(ADC  +  ACD)  =  86  46  21  tan           ....  11.2487967 

i(ADB  — ACD)     45  89  17  tan  10.0099250 

ACD=  41     7    4 

A  CD        4P   7'    4- sin  9.8179678 

A  P  C        33  45    0  ar  CO  sin.        0.2552610  0.2552610 

Sum  74  52    4 

180     0    0 

P  A  C       105     7  56  sin 9.9846740 

AC           6  miles       log        .        0.7781513  0.7781513 

PA  7.10199  mUes  0.8518801 

PC         10.42525  miles 1.0180863 

ACB  =  104*28' 89" 180*   O'   0" 

ACD=    41     7    4      BCP  +  BPC  =  .  85  5135 

B  C  P  ==:   63  21  35      P  B  C  =  94     8  25 

As  sin  BP  C           22^  30"   0"  ar  co  log'  .  0.4171603 

IstoBC     4  miles 0.6020600 

SoissinBCP      68*  21' 85" 9.9512594 

To  P  B  9.84285  miles 0.9704797 

The  computatioii  of  problems  of  this  kind^  however,  may  be  a 
little  shortened  bj  means  of  the  fobowing 

Put  AC  =a,BC=  J,APC  t=P,BPC=  P',ACB  =  C, 

*  See  Cagncli's  Trig.,  §  802;  Laoroix,  Trigonometrie  ;  Ok^gory^  Trigonometry; 
PuiaBUit^  Qeodesie,  vol.  L  page  284. 
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P  A  =  D,  P  C  =  1>,  and  P  B  =  D",  and  let  there  be  taken  for 
unknown  quantities  PAC  =  aj,  PBC=y.  The  triangles  P  A  C 
and  P  B  C  give 

SinAPC  :  sin  CAP  :  :  AC  :  CP,  and 
SlnBPC  :  sinCPB  :  :  BO  :  CP;  that  is, 

Sin  P  :  sin  :r  :  :  o  :  "  f^V    =  C  P,  and 

sin  P 

SinF:  siny  :  :  ft  :  ^  ?"  ^    =    CP 

sinF 

-,  a  sin  JT        ft  sin  y        ...  _         _       _ 

Hence,  gj^p  «   a^lp  5  which  may  be  reduced  to 

a  sin  P  sin  x  —  ft  sin  P  sin  y  =0. 

In  the  quadrilateral  A  C  B  P,  we  have 

CBP  =  360"  — APC  — BPC— ACB  — CAP,or 

y  =  360<'  — P—  F  — C  — a?. 
Make  360"  —  P— P  —  C  =  R,  then  we  shall  have  y  =  R—  x; 
and  consequently, 

a  sm  P  sin  0?  —  i  sin  P  (sin  R  cos  a?  —  cos  R'  sin  a?)  =  0. 

Dividing  by  sin  x^  there  results 

a  sin  F^;—  ft  sin  P  (  sin  R  ^fj—  cos  R)  =  0. 

Whence  we  have^=:  cot  0;="^^^:^"^^^^ 

sm  *  ft  sin  P  sm  R 

This  expression  being  separated  into  two  parts,  we  have 

ftsinPsinR  ^  sin  R  *      ' 

sin  R    UsinPcosR         /'     ' 

cot  X  =  cot  R  /  -^?4?Z_  .  +  l^  .  r.. 

VftsinPcosR  /  ^^> 

cot  ar  =  cot  R^sin  P'  cosecP  sec  R  -  +  1.)  /2) 

cot  X  =  ^  sin  P'  cosec  P  sec  R  cot  R  +  cot  R.   .        .  (3) 

or,  lastly,  Delambre's  and  Puissant's  formulae  may  be  employed. 


AND  LETELLINO. 
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Hence,  x  being  thus  determined,  we  get  y  from  the  equation  y  = 
B  —  a;  /  and  C  P  from  either  of  the  expressions  given  above. 

We  shall  now  apply  the  foregoing  formula  to  the  solution  of  the 
question  last  proposed. 


Here  a  =  6    P 

6  =  4    F 

ACB 


83"  45'    0" 
22  30    0 
104  28  39 

160  43  39 
860     0    0 


PAC— X 
PBC— y 

fonnd  bj  compntation. 


R=199  16  21 


By  formulas  (2)  and  (3)  using- logarithms 


we  have                   o'  = 

P'= 
P= 
Rwhofle  cosisneg 

22*  80' 
88-  45'    0"  1 
199    16    21    i 

1.094557    log 
1.000000 

3 

2  a. 

0" 

tf  CO 

ir  CO 

log 
0.2 

fiin 
S. 
C 

• 

0.4771212  or, 
.  9.6989700 
9.5828397 
0.2552610 
0.0250466 

cot  R 

0.477121 
9.698970 
9.582840 
0.255261 
0.025047  — 
0.456859  + 

+ 

0.0392885 
168 

N  =• 
8.9756987  cotR= 

10.4568587 

0.495598  — 

—  8.18089 1 
+  2.85995 ) 

— 

0.094557    log 
199»  16'  21'' 

105     7   57 
ar  CO 

«               «               •               » 

522 

cotR                          + 

-  0.27044 
»6^    r  58'' 

cot «                         — 
Aa  sin           88*  45'    0" 
Is  to  on  jr    105     7   57 
SoiflS 

9.4320524 
0.2552610 
9.9846784 
0.7781518 

To  PC                       10.42 

1.0180857 
761 

whence,  as  before,  the  rest  may  be  found. 


96 


In  using  these  formulas,  great  attention  must  be  paid  to  the  signs 
of  the  quantities. 

Example  2. — From  the  station  D,  on  Cam  Dunii,  in  lona,  the 
angle  Bein  Heynish,  lona  North  Pile,  Benmore,  in  Mull,  or  A  D  C, 
was  observed  to  be  ISe""  48'  38";  the  angle  Benmore,  lona  North 
Pile,  Jura,  or  C  D  B,  was  84^  54'  IS'';  while  the  distance  of  Bein 

2d 
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Heynish  from  Bern  More,  or  A  C,  was  184,335  feet ;  the  dlstanoe 
of  Bein  More  from  Jura,  or  C  B,  was  190,826  feet ;  and  the  distance 
of  Jura  from  Bein  Heynish  was  275,405  feet :  required  the  distance 
of  Donii  Pile,  or  D,  from  these,  that  is  D  A,  B  D,  and  DC? 


GEOMETRICAL  CONSTRUCTION. 

With  the  three  given  sides  construct  the  triangle  ABC.  At 
the  point  A  draw  the  straight  line  A  E,  making  the  angle  B  A  E  = 
B  D  E  =  to  the  supplement  of  B  D  C. 
Again,  at  the  point  B  make  the  angle 
ABE  =  ADE=to  the  supplement 
of  A  D  C,  producing  the  straight  line 
B  E  to  meet  A  E  in  E,  and  join  E  C. 
About  the  triangle  ABE,  describe  the 
circle  ABE,  cutting  the  E C  in  D ; 
then  will  D  be  the  position  of  Dunii. 
Finally,  join  A  D  and  D  B. 

BY  COMPUTATION. 

With  the  three  sides  of  the  triangle  A  B  C' compute  the  angles 
A  =  43**  41'  38'.50,  B  =  4P  61'  34\96,  and  C  =  94°  26'  46'.54. 

1.  As  sin  A  E  B  :  sin  A  B  E  :  :  A  B,  276,405»  :  A  E  ==  283,268  feet. 

2.  As  sin  AEB  :  sin  B  A  E  :  :  AB,  275,405,  :  BE  =  412,248  feet. 

3.  With  the  two  sides  A  E,  A  C,  and  the  contained  angle  E  A  C,  ISB^"  4T 
2er^  find  the  angle  A  C  E  =  25*>  ^  10^,  and  A  E  C,  or  A  B  D  =  16*>  3'  24*. 

4.  ISC'*  —  (A  D  C  +  A  C  D)  =  D  A  C  =  18°  2/ 12". 

As  Bin  AD C  :  sin  D  AC  :  :  A C  184,335, :  D C  =  83392.6 feet. 

5.  ABC  — ABD=DBC  =  25°48'ir. 

As  sin  A  D  C  :  am  D  C  A  :  :  A  C  184,335,  :  A  D  =  114^476  feeL 

6.  ACB  — ACD  =  DCB  =  69°  17' 35". 

Ab  sin  B  D  C  :  sin  D  C  B  :  :  B  C,  190,826  :  BD  =  179,207.4  feet. 

7.  B  C  bears  N.  0°  35' 34"  W.,  which,  added  to  C  B  D,  gives  B  D  N.  26« 
23'  45"  W.     Latitude  of  B  in  Jura  b  55°  54'  8"  N.,  longitude  6°  0'  2"  W. 

GRAPHICAL  SOLUTION. 

Let  A  B  C  be  the  given  triangle :  lay  the  centre  of  the  protractor 
over  the  point  A,  with  the  division  136®  48'  38*  over  the  side  AC, 
and  mark  the  point  90°.  Produce  the  line  A  90^  to  1 ;  biaect  A  C 
in  E,  and  draw  D  1  at  right  angles  to  A  C :  the  point  of  intersec- 
tion 1  will  be  the  centre  of  the  circle  A  H  C  D. 

Again,  lay  the  centre  of  the  protractor  over  the  point  B,  with 
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the  diyision  84*^  64'  13"  apon  B  C,  and  mark  oflF  90° :  produce  a 
line  B  90'';  bisect  BC  in  F,  and 
drawF  2  at  right  angles  to  B  C, 
meeting  B  2  in  the  point  2,  the 
centre  of  the  second  circle.  These 
two  circles  will  intersect  one  an- 
other in  the  point  D,  the  station 
on  Dunii  Cam  required.      As  a 
check,  put  90''  upon  A  C ;  point 
off  136''  48'  38"  from  right  to  left  • 
in  the  protractor,  to  the  left  of 
90" ;  through  A,  136"  48'  38", 
draw  a  line,  E  1,  to  intersect  A  1 
in  1  as  before.    In  like  maimer, 
lay  90"  on  B  C ;  set  off  84"  54' 13" 
to  the   left  of    90";    draw  B 
84"  54'  13";  draw  F  2  to  inter- 
sect B  90"  in  2  as  before :  these 
centres  should  be  the  same  points 

as  before.    With  the  preceding  bearing  and  distance,  Dunii  is  in 
latitude  56"  20'  32"  N.,  longitude  6"  23'  36"  W. 

Example  3. — From  Plymouth  the  Lizard  is  distant  54.44  miles ; 
from  the  Lizard  the  Start  Point  is  distant  71.15  miles;  and  from 
the  Start  Point  to  Plymouth  the  distance  is  23.31  miles. 


0    It 


From  Eddystone  light,  Plymouth  bears  N.  26    4    6  E. 

Lizard,       .    .     S.  70  18  15  W. 
Start,         .    .    N.  88  62  20  £. 


Let  P  be  Plymouth,  E  Eddystone  light,  L  the  Lizard  Point,  and 
S  the  Start. 


Hence  the  angle 

P  £  S  »    68  48  16 
PEL  — 184  60  60 
LPS  — 127  47  29 
PLS—   16    0  17 
PSL—  87  12  14 

Ans., 

EL—  44.42  miles. 
EP—   18.10 
RS—   27.22 
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Example  4. — ^To  find  the  length  of  one  of  the  three  segments 
of  a  straight  line  when  the  two  other  segments,  and  the  three 
angles  which  each  segment  subtends,  at  a  given  point  without  the 
line,  are  known. 

Let  A  D  be  the  straight  line,  A  B, 
C  D,  the  given  segments,  and  B  C  that 
required,  or  a,  5,  and  x ;  also  E,  the 
point  at  which  the  angles  A  E  B  =  a, 
A  E  C  =  13,  and  A  E  D  =  y,  were 
measured,  it  is  required  to  find  the 
interjacent  segment  B  C  or  a;? 

Since  the  exterior  angle  of  anj  triangle  is  equal  to  the  sum  ot 
the  two  interior  and  opposite  angles,  the  angle  E  B  C  =  A  +  «,  the 
angle  BCD  =  A  +  j8,  and  the  angle  EDF  =  A  +  7.  Now,  by 
trigonometry,  the  triangles  A  B  E,  A  C  £,  give 

BE       sinA      ^     CE        sinA      , 

and  ^-^  =  -^^  whence,  by  diyision. 


a  Bina 

BE  asin/S 


C  E       (a  +  x)  sin  a 


0) 


The  triangles  B  E  D,  C  E  D,  give,  in  like  maimer, 
BE  _  Bin  (A  +  y)     ^  CE  _  ein  (A  +  y)  ^ 
6  +  a:       Sin  (/  —  a)  b         sin  (7  —  p) 

BE       (5  +  a?)8m(y^g) 
CE-       6sm(7-a)  •         •         •         •         W 

BE  . 
Equating  these  two  values  of  ^  in  equations  (1)  and  (2,)  and 

there  results — 

a  sin  jS  (b  +  w)  sin  {y  —  ff)  ,  v.  i.  .     v*  •    j 

7 V— ; —  =  — i— r^-7 — ^^-T — -f  from  which  is  obtained 

(a  +  X)  Bin  a  b  sm  (7  —  a)      ' 

ab  eia  P  sin  (7  —  a) 
Bin  a  sin  ^^ 
_,  A  ab  sin  /3  sin (7  ^  a)« 

To  resolve  equation  (3,)  let  tan  «p  =  (^zr^  •  aina  sin (7-/3) 
and  «■  +  (fl  +  ft)  « as  ^  (tf  —  6)"  tan  'p  —  a  ft,  whence 

«=  ±t(a  — ft)  ir(l  +  tan'f)  — t(a  +  ft),  or  finally, 
««  ±  t  (a  — ft)  aec  p  — i  (a +  ft)        •         .        .         (4) 

consequently  x  becomes  known,  and 

a  +  «  +  ft=:  +  ^  («  — *)  Bee  f  +  4  (a  +  ft)  »  AD  (5) 

Example  6.— Let  a=2731  feet,  ft  =1987,  «=19*7',i8=50* 
12',  and  7  =65'  9',  required  x? 


ar  +  {a  +  b)x  +  ab=    „;^  ^  ,;„  /^  __  gx  •         •         (3) 


AND  LEVELLING. 
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By  formula  (4),  we  have — 


No. 

4     .         .         . 

log  0.602060 

a  = 

2731     . 

.     log  3.436322 

h  = 

1»87      . 

log  3.208198 

a^h  = 

744  2  fl,  c,  /, 

4.266864 

h  = 

60°  12' 0"  Bine 

9.886622 

7— «  = 

46    2  0  sine 

9.867178 

a  = 

19    7  0   coeeo 

0.484798 

7-3  = 

14  67  0   cosec 
86''  26'  41".6  tan 

0.688421 

2.409363 

<P  = 

11.204676 

i(a— 6)=      372       .        log 

6971.2  log 

i  («  -I-  6)  =  If  2369.0 


1.206619 
2.670643 


3.776062 


«  =     3612.2  =  B  C  the  segment  required  ; 
a+  d?  +  6  =      8330.2  =  A  D  the  whole  line. 

Example  6.— Let  a=527.167  feet,  ft=3I5.063  feet,  a=2''  10 
3(y.l,  /3=40"  13'  1".9,  and  7=42°  14'  2".7. 

The  separate  measures  of  these  angles  were  a=^2^  10  30M, 
^-«=38°  2'  31".8,  and  7-^=2*>  0'  bT.l. 

From  the  first  of  these  series  7=42**  14'  2".7,  from  the  sum  of 
the  last  7=42**  13'  69".6.  The  difference  of  these  two  values  is 
3'M.  Now,  as  the  value  of  7  in  the  first  and  each  of  the  three  last 
angles  was  measured  with  equal  care,  one-fourth  of  3".l,  or  0".8 
may,  as  the  probable  error,  be  added  to  the  values  of  a,  /3,  and  7 
re^ctively,  they  become  a=2**  10'  30".9,  /3-«=38^  2'  32  ".6, 
7-«  P=2r  0'  58.6,  making  the  sum,  or  7=42°  14'  2. 


No. 

4          log 

0.602060 

a  = 

627.167  log 

2.721948 

6  = 

316.063  log 

2.498397 

a-h  — 

212.104  2,  a,  e,  /, 

6.346902 

)8- 

40''  13'    3".6  8ine 

9.810026 

r-a  = 

40     3  31  .1  Bine 

9.808697 

a  — 

2   10  30  .9  coaec 

1.420718 

7-»  = 

2     0  68  .^  cosec 
89     9  17.46  tan 

1.463668 

• 

3.662316 

f- 

11.831168  sec       . 

1.831206 

k  («-»)  = 

106.062          l^g 
7189.92          log 

.... 
•         .         .         « 

2.026619 

3.866724 

i(a  +6)  = 

:f    421.12 

segment  required  ; 

* 

X  — 

6768.80  =  B  C,  the 

a  +*4.6  = 

7611.04  =  A  Dy  the  whole  line. 
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Example  6. — ^In  extending  the  mea- 
sured base  to  the  sides  of  adjacent  triangles 
ofgreatermagnitdde,thefollowingmethod  a. 
may  be  advantageously  employed : — 

Let  P  Q  be  the  measured  base,  which,  by  means  of  triangulation, 
is  to  be  extended  to  A  B,  the  side  of  a  larger  triangle,  constitatiiig 
one  of  the  series  to  be  extended  over  a  country ;  then 

ain  APQ.PQ 


1.  SinPAQ:8in  APQ:  :PQ:AQ  = 


sinPAQ 


2.  Sin  PAft  ;  ain  AQ.P  ;  ;  PQ  ;  Aft  =^  .^^^'  ^  ^ 

3.  SinPBQ:8inBPQ:  ;  PQ, ;  Bft  =  "°  .^^^^^ 

sm  PBQ 

4.  Sin  PBQ  :  sin  BQP  :  :  PQ  :  BP  ==  ^5_J?^_^Pii 

sm  PBQ 

Bin  APB.  PB 
sinPAB 

6.  Sm  QAB  :  am  AQB  ;  ;  QB  i  AB  =  ^^^^'^^ 

sm  Q  A  15 


6.  SinPAB:BinAPB:  :PB:AB  = 


(1) 
(2) 


sin  APB  X 


AB  = 


AB  = 


AB  = 


AB  = 


Bin  PA  B 


Or,  by  substitution  in  (1.), 

BinBQP.  PQ 

sin  PBQ  BJnAPBsinBQP.  PQ 

~      Bin  PAB  sin  PBQ 

BJnAPBainAQP.  PQ 
sinPAQainPBA 

ain  AQB8inPDQ.PQ 
sin  PBQ  Bin  QAB 

ain  AQBainAPQ.  PQ 
ainPAQsinQBA 


(3) 
(*) 
(5) 
(6) 


Any  one  of  these  last  four  equations  will  give  A  B,  or  the  whole 
may  be  confined  in  one. 


A  P4  —  Bin'  APB  Bin  «AQB  sin  BQP  ain  AQP  sin  BPQ  ain  APQ.  PQ* 
^  "  8in»  PBQ  Bin  »PAQ  ain  PAB  ain  PBA  ain  QAB  ain  QBA 

By  transformation  there  will  be  obtained — 

p  q4  _  ain«  PBQ  ain  »PAQ  ain  PAB  sin  PBA  ain  QAB  ain  QBA,  AB* 
*^^  ain»  APB  ain«  AQB  ain  BQP  ain  AQP  bIq  BPQ  ain  APQ 


(7) 


(8) 


which  may  be  employed  to  find  the  base  of  verification. 
This  formula  may  be  applied  to  the  trigonometrical  survey — 
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though  not  to  its  fall  extent,  for  want  of  the  necessary  angles  con- 
necting the  base  measured  on  Hounslow  Heath  wi^  the  sides  of 
the  adjacent  triangles. 

Mean  of  the  angles  measured  by  Boy  and  Mudge, — 


O  /  // 


St  Ann's  HiU  reduced,  or  P  A  Q,  =  44  18  61.62 
Hampton  Poorhouse,  .  AQP  =  61  26  33.63 
King's  Arbour,      .         .    A  P  ft  =    74  14  34.86 

180    0    0.00 

Angles  observed  by  Mudge  and  reduced, — 


o  /  // 


Hanger  Hill  tower,  or  ABQ=  24  39  16.33 
Hampton  Poorhouae,  .  A  QB  =  130  3  3.06 
St  Ann's  Hill,      .         .     Q,AB=    26  17  40.69 

180    0    0.00 

The  mean  length  of  P  Q  at  the  level  of  the  sea  is  27405.35  feet, 
whence,  by  formula  (6), — 

AQB  =  130    3    3.08  sine         ....  9.8839303 

APQ=    74  14  34.86 Bine         .  .         .  9.9833666 

PAQ=    44  18  61.62 a,  e,  6,  sine  0.1667749 

AB Q  =    24  39  16.33  a,  c,  6,  sine  .  0.3797119 

PQ      =  27406.36  feet,  log         ....  4.4378364 

AB      =  69281.63  feet,  log         ....         4.8406181 
the  distance  between  Hanger  Hill  and  St  Ann^s  Hill. 

Example  7. — To  determine  the  distance  between  two  inaccessible 
points,  when  the  angles  between  a  given  base  and  each  of  the  points 
at  both  extremities  of  the  base  are  given. 

Let  A  E  be  the  given  base  a,  and  G  F    SL.^ 

the  required  distance  ft,GAE  =  a,  FAE     ^^  " ' 

-/S,AEF  =  r,AEG««. 

Whence  AG  E=tf,  and  AFE  =  p:  _ 

hence,  ^  i 

AssmAGE:BmGAE::AE:GE 
«  A E  sin  G A E  cosec  AGE, 

As  sin  A  F  E  :  sin  E  A  F  : :  A  E  :  E  F  " 
A  E  sin  E  A  F  cosec  A  F  E. 
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But  Euclid  11.  and  12,  GF-  -  GE'+EP— 2  GE .  EF  cos  GEF, 
which,  by  substitution,  becomes 

GF«  =  AE»8in«GAEco8ec«AGE+AE«rin«EAFco8ec«AFE 
—2  AE»  ^  GAE  cosec  AGE  sin  EAF  cosec  AFE 
cos(AEF— AEG) 


Hence, 


b  =  a  [(sin  o  cosec  $y  +  (un  fi  cosec  ^)*— 
2  sin  a  cosec  ^  sin  ^  cosec  ^  cos  (y  — d)}* 


(1) 


and  converselj. 


a  =  fr  -f-  { (sin  a  cosec  ff)»  +  (sin  /3  cosec  ^)s  - 
2  sin  a  cosec  ^  sin  /3  cosec  ^  cos  (y  —  d)}* 


(2) 


Similarly, 


*  =  a  {(sin  d  cosec  tf)"  +  (sin  y  cosec  ^)«— 
2  sin  d  cosec  ^  sin  y  cosec  ^  cos  (a  —  i3)}* 


(3) 


and  conversely, 


a  =  b  -5-  {(sin  d  cosec  By  +  (sin  y  cosec  ^)*— 
2  sin  d  cosec  ^  sin  y  cosec  ^  cos  (a — /9)}* 


W 


Example  8. — To  determine  the  same  thing,  if  the  given  base 
have  a  perpendicular  instead  of  a  parallel  direction  to  the  required 
distance. 

LetOL  =  a,LOK  =  o,  LOC  =  y,  CKL 

CK  =  6,  LKO=ft  LCO  =  d,  KCL 
=  <^,  OCK  =  «,  OLC  =  p. 


By  a  similar  method  of  investigation, 

bz=a  {(sin  a  cosec  jS)*  +  (sin y  cosec  d)"— 
2  sin  a  cosec  ^  sin  y  cosec  d  cos  (^  +  ^)}* 

a  =  6  -^  {  (sin  o  cosec  /3)'  +  (sin  y  cosec  d)"  - 
2  sin  a  cosec  P  sin  y  cosec  d  cos  (^  +  ^)}* 


(5) 


(6) 


Similarly, 


6  =  a  {(sin  jc  cosec  /3)' -|~  (^  />  cosec  d)*  — 
2  sin  K  cosec  /3  sin  p  cosec  d  cos  (^^  +  »)  }* 


(7) 


\ 
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o  =  ft  -^  {(Bin  K  coeec  By  +  (sin  p  cosec  d)  — 
2  sin  ic  oosec i9  sin  p  oosec  d  cos  (^  +  «)}*  (®) 

Example  illustbatiye  of  Formula  (1)  and  (2). 


Whence  «  — ^=854522  «»855  15 

,.-.>s82S555  fsl2    4  42 

•  a    6265,88  feet 
required  6. 


Let 

•  a 

O     /    // 

138  15  45 

/8« 

53  80  23 

y  = 

114  24  55 

1  B 

31  49  0 

•        /     // 


• »  138  15  45  Bin        9.814643    eonsUnt  logwithm,  or  log  2,  .        .  .    0.301030 

Is     8  55  15  eoiec     0.809473    y  —  I  »  82"  35'  55''  coiine,  .       .    9.109882 


0.624116 0.624116 

2    /8  a  53*  30^  23"  one,       8.805215 


No.  1,  +  17.71054  log    1.248232    f  =  12     4   42    eoeee,     0.678387 


0.584552      .       .    0.584552 


No.— 0.618680 


No.  2,  1-  14.76064 log  4^  1.168104   .    -4.16562 

No.  3,—  4.16562 


Sasa,    28.30556      lo^      .    1.451872 


hidf     .    0.725836 
as    6265.88 feet,     log      .    ^786882 

Formula  3  would  give  the 

6  s  33336.4   feet,      log     .    4.522818  aune  raralt. 

It  is  obvious  that  if  b  had  been  given,  it  is  only  necessary  to 
subtract  half  the  log  of  the  sum  from  the  log  b  to  obtain  the  log  a. 

Thus  from  log  & 4.522818 

SnbtiMt  log  half, 0.725836 


a  s  6265.88  feet,  log 3.786882 

By  these  means  a  series  of  triangles  may  be  made  to  rest  on  a 
measured  base  of  verification. 

Example  9. — When  the  measured  base  intersects  the  required 
distance. 


/   // 


LetFAB  — a  — 108    2  18 

AFB  — i9—  47  10  28 

ABF.^—  24  47  14 

180    0  0 
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FAE> 

""7"* 

47 

946 

AFE 

-«d>-> 

121 

13  20 

AEF' 

-*- 

11  36  64 

A  F  =  a  =  386.56  feet* 


180  0  0  It  may  be  supposed  that  4  and  p  havo 
been  infened  if  they  cannot  be  dinctl j- 
obserred. 


or, 


Bj  another  inyestigation  as  formerly — 

h^a  {(sin  a  eoeec  ^)*  +  (sin y  cosec  0' 

—  2  sin  a  eoeec  ^  sin  7  cosec  ^  cos  (/S  +  6)}* 

ft-»«  {(sin  j3  cosec  ^)i-l-  (sin  d  cosec  ^)' 

-^2sin/3coeec^sindcosec0cos  (a  +7)}* 


B7  formiila 


W 


.  (10) 


/   // 


108    2  18  sin  9.9781118  log  2         .      ,     //        . 
24  47  14  sin  9.6224727  /s  +  »  »  168  23  48  eosine 


Diir. 


0.8556891 
2 


0.8010300 
9.9910826 


No.  1  »  +    5.14373  log  0.7112782 


47    9  46  sin  9.8652748 


11  36  54  sin  9.3039179 


0.3556391 


Diff. 


No.  2  »  + 13.26520 
No.  3  ->  +  16.18299 


log 


Sum  «-      34.59192  leg  1^389747 


Half        .        .        .        0.7694873 
a    —   386.55  feet  log  2.5872057 


2273.49  feet  log  3.3566930 


0.5613569  0.5613569 


2  1.2090686  + 


1.1227138  lag  No.  3 


By  Hmnela  (10) 

No.  1  »  +    3.06033 

2  »  +  1&04107 

3  «  +  13.49061 


Sum  as  before    34.59191 
sad  would  give  the  same  fiaal 
result  when  eairied  out 


*  Then  is  a  tjpogfaphical  error  in  page  320,  when  A  Fa887.55  instead  of  886.66. 
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EXAMPI4E  ILLUSTKATITE  OF  FORMULA  (5)  AND  (7). 

OL  — a  — 7703  feet 


LOK»-a»-       17  89    0.5         LOG  — 7—  4156    0.0 
LKQ«»i3~         5  48  52.9        LCO»-d—     9  88  29.1 


«  +  j3  —  28  27  58.4         7  +  5  i-  51  84  88.1 

180    0    0.0  180    0    0.0 


OLK»-x—     156  82    6.6         OLC»^ ->128  25  21.9 
OLC  —p—      128  25  21.9 


284  57  28US 
860    0    0.0 


RLC— tf  +  <^»75    2  81.5 

substitating  these  in  the  proper  formula — 

and5» 88823.3    h^t. 

fonner  yalue  of  5,  page  425,     .        •        •        88836.4 
mean  of  both 83829.85  feet. 
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ON  THE  DETERMINATION  OF  THE  LONGITUDE  OF  AN 
IMPORTANT  POINT  ASTRONOMICALLY. 

In  conducting  a  series  of  trigonometrical  observatioiis,  as  previ- 
ously observed,  in  a  distant  country,  it  will  be  necessary  to  deter- 
mine the  longitude  of  some  convenient  and  well-known  point 
astronomically  with  regard  to  a  given  meridian,  as  that  of  Green- 
wich. I  had  not  an  opportunity  of  fixing  with  sufficient  precision 
astronomically  the  longitude  of  any  point  in  Arran  in  this  manner, 
but  to  show  the  method  of  procedure  in  regard  to  eclipses  and 
occultations,  the  following  example  for  Edinburgh  may  be  useful, 
and  the  calculations  for  this  purpose,  as  well  as  for  others,  may 
be  readily  performed  by  the  rules  and  formulsB  given  in  my 
Mathematical  and  Astronomtcai  Tables.  To  insure  the  utmost 
possible  accuracy,  numerous  observations  should  be  made  on  solar 
eclipses,  occultations  of  fixed  stars  by  the  moon,  moon  culmina- 
ting stars,  &c.  &c.  by  a  combination  of  which  the  most  minute 
errors  may  be  eliminated,  and  thence  the  longitude  of  the  point  of 
observation  determined  with  the  utmost  precision,  especially  if  cor- 
responding observations  at  the  two  places  can  be  obtiuned. 

I. — Dbtbrmination  op  tbb  Lonoitudb  of  Edinburgh  Obsbrvatory  bv  thb  Solar 

EcLiPSB  of  15th  Mat  1836,  from  thb  Observations  op 

WILLIAM    GALBRAITH. 

The  chronometer  used  was  set  to  mean  time  shortly  before  the  commence* 
ment. 

h.    m.    a. 

Suspected  contact,  by  chronometer,  .  1  33    0 

Certain— somewhat  on,  .  1  33  10 

Annnlns  complete,        .  .  2  57  20 

Annnlos  broke,           *.  .           .  3    1  10 

End  of  eclipse  yery  distinct,     .  .  4  19  20 

At  commencement  the  chronometer  was  nearlj  correct,  bnt  was,  on 
the  termination,  1.6s  fast  of  the  clock,  while  by  observations  taken  that  day, 
the  clock  was  4.0a  slow ;  whence  the  chronometer  lost  2.4*  during  the  oonti* 
nnance  of  the  eclipse,  or  in  abont  2^  46^  20>.  Hence  the  chronometer  lost 
0.86t  hourly,  and  the  corrected  times  will  be— 

h.  m.    ■> 

Commencement,  .                                  .  1  23    0.00 

Annnlns  complete,  .                                                         .  2  57  20.35 

Annnlns  broke,  .                                                          .  d    1  11.26 

End  of  eclipse,  .           .  4  19  22.40 
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Ab  the  commencement  was  lost  bj  Mr  Henderson,  late  astronomer,  from 
an  oversight,  no  comparison  oonld  be  made  for  a  check  at  that  phase,  bnt  the 
others  agreed  as  nearly  as  conld  be  expected.  The  first  observation,  there- 
fore, maj  be  a  few  seconds  ont,  on  account  of  the  difficnlty  of  getting  the  time 
of  first  contact  correctly.  The  longitnde  will  therefore  be  determined  by  the 
last. 


Mean  time  of  last  contact, 

Longitnde  in  time  by  estimation  West,  . 

Mean  time  at  Greenwich,    . 
For  computation  ^  S2»  will  be  assumed. 

h*    ID* 

0*sB.  A.  at  4  82  by  Nautical  Almanac, 
Declination, 
Semi-diameter, 
Augmentation  for  about  26o  of  alt.,  . 

Reduced  semi-diameter, 


h.    m. 

y%  R.  A.  at  the  assumed  time,   4  82, 

„    at  31^  a^rwards,  or,  7  32,  . 
Declination  at      .  .4  82, 

Semi-diameter,  at  .    4  82, 

Equatorial  horizontal  parallax. 
Reduction  to  Utitude  65'  67'  23"  N., 


Reduced  horizontal  parallax  for  latitude, 
O^s  horizontal  parallax  by  Nautical  Almanac, 


Dlfilorence  of  sun  and  moon*s  horizontal  parallax, 

Mean  time  of  observation. 
Equation  of  time  at  4>>  20", 

Horary  angle  from  the  meridian. 


h.   m.     s. 

4  19  22.40 
+  12  48.60 

4  82    6.90 


b.     m.       1. 

.    8    29  46  .76 

.  18'  69'  13 -.76  N. 

16'  49 -.8 
—      7  .2 

16    42  .16 

h.   n.    b 
8  38  48.14 
8  89  61.98 
19  46  89.8    N. 
.  14  69.2 
64  22.6 

—  7.2 

64  16.4 

—  8.4 

64    7.0 

h.   m.    ■■ 

4  19  22.40 
+   8  66.90 

4  28  18.80 
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oTpir.    .    0  64    7X)    P.  L.     .    OJIIM    P.  L.         .    OJUHU   P.  L.     OJBM    C.  L  LUaV 
IUd.latftad«.  S6  46S3.0   ne        .    0.a<M6   mo  .    0lS4M6   cohc     CdOM 

Hor.wi8l0(a)«iS»Bl8i.S  CCMM     .    OiOaBSS.  18»  flO' 13^.8 


>oowc     I^^^^^M   "*B   -    OOMW 


031179 &ni?t 


C.  L.   1.17000    -I-  41  18  .6    .  P.  L.    a8S880 


8iiii*i  die.       .  18  fiO  IS^    ON        .    MTSTO    19  41  SS  .4 


h.  m.  a. 


And)  (2b)      0    1S7.40P.L.      .    LM966 
Half        (»)       0   0  66.78 


(a-»)    .       -  4  IS  19.67   Me 6188888 


—    4    6  .6     1.84817    P.  L. 


Moon's  trot  app.  dae. 19  87  96  .8    codno 9il7401 


h.   m.  ,. 


Moonlilld.  dtoUMtlon 19  48  89.8.        .       .       0    1  87Jt  P.  L.  1.98186 


BwHtMnt-diamotM    U' 4S''.6     DUteneo    -    .     9  IS  .0    Q'bR.A.     8  89  46.76 


Mooo'kMBil.diuMlM  14  49  .8  3  81  44J8 


Bum  ...8081. 8         ...         80SI.8  +    %   ZM 


Mooa^a9p.dM.19*  sr  8r.8    8um     .       .        39  44  .8  P.  U  a65fl9»     8  88  4844 
MoonliMd.  d«b  19    46    89  .8    Diff.      .  91  18  .8  P.  L.  0J9666     8  38  48J4 


.    39    94     6  .6  Bam  1.68800     8  89  ffl J8 


HAlf  0L79130  Ai  OJO  P.  I..  4.78889 

Half         .    19    48     8  .8    eodnt 9.97380  A,      6    3JM  P.  L.  1.47951 


ConHloff    ....  1.17809  &94 

■^P.L. 


».66  P.  L.    1.94119      4  31    0.00 


}■ 


BndorfellpMatGrMnwioh   .       .-4  31   &94 


End  of  eclipse  at  Greenwich,  .    4  82    5.94 

End  of  eclipee  at  Edinburgh,  .    4  19  33.40 


Longitude  of  Edinburgh  in  time,  .    0  12  43  .54 

„  inarc,  .  .  .    3ol0'58M0W. 


II.  To  FIND  THB  LoNOrrUDI  BY  A  LUNAR  ObOXBVATXON,  OR  BY  TAKINO  THB  AnoVLAR 
DZSTANCB  BBTWBBN  THB  MoON  AND  THB  SUN  OR  A  FiXBD  StaR,  OR  ONB  OF  THB 
FOUR  PLANBTA  8BLBCTBD  FOR  THIS  PURP08B. 

April  20th,  1842,  about  5^  52in  80»  p.m.,  in  latitude  l?*"  54'  N.,  longitude 
by  account  4^  20°>  80*  E.,  when  the  barometer  stood  at  80  inches,  and  the 
thermometer  at  50^  Fahrenheit,  the  observed  altitude  of  the  8un*s  lower  limb 
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was  4:'  57'  46%  that  of  the  moon's  lower  limb  was  53''  15^  10",  and  the  ob- 
served distance  between  the  sun  and  moon's  nearest  limbs  was  120'  11'  6", 
'the  height  of  the  observer's  eye  was  20  feet.  The  instrnment  with  which  the 
sun's  altitude  was  observed,  had  an  index  error  of  -(- 1 '  10" ;  that  with  which 
the  moon's  was  observed  was  —  30",  while  that  with  which  the  distance  was 
taken  was  correct.    Bequired  the  true  longitude  of  the  position  ? 


Longitude  bj  account, 
Mean  time  of  observation,  . 

Estimated  Greenwich  time, 


4  20  30  E. 

5  52  30  P.M. 


1  32    0 


TO  THIS  TIME  BY  NAUTICAL  ALMANAC. 


Bim*s  dflcliiiation, . 
Polar  diftance,      • 

Eqmfcion  of  time  . 
Siui*B  Mmi-diAinoter, 


1129  48     N. 
78  so  12 

m.  n, 
—    1    6.6 
15  55.7 


/     « 


Son'k  obtenred  altitade,      4  57  46     1. 1, 


Index  error, 

•K     1  10 

Dip  to  20  feet»      . 

4  58  56 
—    424 

Sun^i  ^>pereiit  altitod*, 
Son^  eorreetioB,  . 

4  54  82 

—    9  54 

LU 

8im*i  trae  eltitode, 
Sim^  lemi-diuneter,    • 

4  44  38 

•I-  15  56 

LL 

Soil*!  true  altitade, 

5    0  34 

centre 

M 


9        / 


Son*! iqyperent eltitode,       4  54  32     LL 
Son*!  lemi-diuneter,    .     -f-  15  56 


Moon^k  horizontal  parallax,     59  50.0 
Bednction  for  latitude,  1.0 


Bednced  horizontal  par., 
Moon^B  aemi-diameter,  • 
Augmentation,      .        . 


59  49.0 
16  18.3) 
+  14.15 


Moon*B  aagmented  lemi- ) 
diameter,  •       .  ) 


16  32.4 


Moon'iobMTved altitade    53  55  10     LL 
Index  error,  •        •    —        30 


IKp  to  20  feet. 


53  54  40 
.    —    4  24 


Moon^i  apparent  altitude,  53  50  16     LL 
Moon^i  eorrection,  -i-  34  38 


Moon^B  true  altitude,    .    54  24  54     LL 
MoonS  lemi-diameter,  .     -i-  16  32 


Moon*!  trae  altitude,    .    54  41  26     centre 


9        t         M 


Moon*i  apparent  altitude,  53  50  16     LL 
Moon^  Bemi-diameter,  .     -i>  16  32 


Sun^  apparent  altitude,       5  10  28    centre     Moon*i  ^»parent  altitude,  54    6  48     centre 


Obaerred  distance,  neaiett  Hmhs, 
Sun^B  aemi-diameter,  . 

Moon*8  augmented  loni-diameker. 

Apparent  central  distance. 


120  11    9 
^  15  66.7 
+  16  82.4 

120  43  34.1 
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TO  FIKD  THE  TRUE  DISTANCE. 


Apparent  distuee, 
Sun*i  appennt  altitude, 
Moon^  apparent  altitade, 

0                 4           H 

.    120  43  84 

5  10  28 

.      54    6  48 

■ecant, 
•eeant. 

Sum,    .... 

.    180    0  50 

Half,    .           .           .           . 

Difference, 

Bnn'i  true  altitude,      . 

Moon^  true  altitude*    . 

Sum,     •           .           .           . 

^     90    0  25 
,      30  43    9 
5    0  34 
.      54  41  26  / 

.      59  42    0 

eonne, 

ooiine, 

•coaine, 

coeine, 

• 

Half,    .           .           .           . 
Arc  1,  . 

.      29  51    0 
.      89  25    9 

coiine. 

Sum,    •           .           .           • 
Differenee, 

.    119  16    9 
.      59  34    9 

sine, 
sine, 

True  dtitanoe, 
Diatance  at  Oi>» 


I      • 


Pieeediqgtime, 
Greenwidi  mean  time. 


f    // 


0.0017735 
0.2819662 


.      6.0685149 

.      9.9343875 

9.9983880 

.      9.7619219 

(Sum),    16.0118520 


60    8  85.5 
2 

line, 

P.U 
P.U 
P.U 

.    120  17  11 
.    119  25  15 

2588 

0  51  56 

5398 

1  33    4 
.       0 

2865 

.  (HalO,      8.0059260 

9.9406821 
.      9.9856288 


19.8763109 


9i)38l554 


1  33    4 


6un*s  true  altitude, 
Suu^i  polar  dittanee,  . 
latitude, 


/         M 


Sum, 


Half,    . 
Difference, 

Apparent  time, 
Equation  of  time, 

Pontion,  mean  time,    • 
Qreenwich  mean  time, 

LoQgitttde  in  time. 


5    0  34 
78  30  12  N. 
17  54    ON. 

eoieeant, 
coiecant, 

101  24  46 

50  42  23 

45  41  49 

h*  m.  •• 

5  53  85.6 
—  1    6.6 

eotine, 
rine, 

A*  V.  Bw, 

5  52  29.0 
1  83    4.0 

4  19  25»64  51  15    Eut 

0.006802 
0.021548 


9.801606 
9.854704 

9.686660 
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EXERCISES. 

1. — In  the  process  of  conductmg  satisfactorily  a  trigonome- 
trical survey,  on  a  somewhat  extensive  scale,  it  is  convenient  to 
select  some  standard  point  from  which  series  of  triangles  may  be 
carried  over  the  country.  Of  this  point  the  latitude  and  longitude 
must  be  accurately  determined  astronomically,  together  with  the 
azimuth  of  a  well-defined  signal,  from  which,  by  reference,  the 
azimuth  of  the  different  sides  of  the  consecutive  triangles  may  be 
obtained  by  simple  angular  measures. 

For  this  purpose,  in  the  subsequent  examples,  the  place  of  obser- 
vation here  selected  was  a  position  in  the  village  of  Broddick,  in 
the  island  of  Arran,  and  the  point  of  which  the  azimuth  is  to  be 
found  is  that  of  the  pile  on  the  summit  of  Goatfell,  the  standard 
point  from  which  the  other  conclusions  are  to  be  deduced.  During 
several  years,  numerous  observations  for  these  ends  were  made 
by  an  altitude  and  azimuth  astronomical  circle,  of  which  one  or  two 
instances  will  be  given  for  the  purpose  of  elucidating  the  whole 
process. 

It  was  on  these  series  of  observations  that  the  corrected  latitudes, 
longitudes,  and  heights  of  many  points  in  Messrs  W.  &  A.  K. 
Johnston's  map  of  Scotland  were  founded. 

2. — Previous  to  determining  the  latitude  by  astronomical 
observations,  it  is  requisite  to  have  the  error  of  the  watch  by 
which  the  observations  made  are  reduced  to  the  meridian.  For 
this  purpose  an  approximate  value  of  the  latitude  must  be  determined 
by  previous  meridional  observations,  in  order  to  compute  the  time 
from  observations  taken  in  the  morning  or  evening  of  the  given  day 
on  objects  near  the  prime  vertical,  for  which  the  sun  is  the  most 
convenient.  To  accomplish  this,  the  latitude  of  the  station  at 
Broddick  was  found  to  be  55°  35'  20"  N.,  nearly,  and  the  longitude 
20"  37'  west.  The  circle  had  three  verniers,  each  reading  10*, 
and  a  fixed  level  reading  from  a  central  zero,  the  value  of  each 
division  being  2''.  The  circle  was  so  graduated  as  to  read  zenith- 
distances. 

BroddkJty  Augtut  23,  1843. 
Barometer,  29'".6  ;  Thermometer,  56*'.3  Fahrenheit. 

The  following  observations  were  made  on  the  sun  in  the  morning, 
to  determine  the  error  of  the  watch : — 

2  E 
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No. 


LsTd.     y«r.    Z.DIitaiioe. 


h.  IB.     ••                 ^     -^  %      t      H 

1,    8  28  66  LM^  17  80    A  69  67  60  upper  limb. 

B  67  10 

C  67  10 

19  27    A  60    2  10  lowo  limb. 

B  2  60 

G  2  60 


2.    8  31  61 


2)    00  46  36  67       6)     180    0 


36 


8  30  23        2)      21 


Longitude     •     •      +     20  37 
Error  of  watch  .      +  12 


—      10.6 
level 


30    0 

69  30    0 

60    0    0 
10.6 


Greenwich  mean  time  8  61  12  ;  23d,  obe.  Z.  D.  69  69  49.6  »  ^.* 
Or, 20  61  12  ;  22d. 


•ndYIIL 


«s60«.0^9  log  »  « 
6«29>».6,  log  6    . 
rsB56**  Fahr.,  log  ▼ 
l»66''  Fahr.,  log  i 


// 


98''.22  log 
7  .22 


»  2.0037  Ban's  dedension,  Aug.  22,   11  56  17.S  N. 
»  9.9942  BedaeUon  for  20>'.86,  *  _      17  S3.5 

=  9.9997  

■>  9.9946  Son's  rednoed  deelendoni    11  38  444  N. 

90    0    0.0 


1.9922 


C!or.  =  91  .00  . 
Obaerted  Z.  D. 


Snn's  polar  distance,  .        78  21  15.6 

+6    i  31.0  Equation  of  time,  June  22,»  +  2  47.97 
59  59  49.5  Rednetion  fbr  20>'.85,       ~  12.99 


60    1  20.5  Rednoed  equation, 
90 


2  34.98 


Sun's  true  altitude. 
Sun's  polar  distance. 
Latitude, 

Sum,        •        • 


20  28 
-I-        2  35 


Half,        . 
Diifersttcei 

App.  time,  Aug.  22, 
Equation  of  time,     • 

Mean  time. 
Time  by  watch, 

Error  of  watch, 
by  previous  similar  obserrations. 


29  58  39.5 

78  21  15.6  cosecant  .        .        .        0.009023 

55  35  20.0  secant     ....        0.247854 


163  55  15.1 


81  57  37.5  cosine     ....        9.145685 
51  58  58.0  sine         ....        9.896430 


1.0  )  R.  V. 
5.0  i 


9.298992 


20  30  86.0 
20  30  23.0 


13.0  slow,  and  losing  3*.3  daily,  as  determined 


*  f  is  the  senith-distanoe,  log  )  tf  is  the  logarithm  of  the  mean  refraction,  6  the  height 
of  the  barometer, «-  the  temperature  by  the  attached  thermometer,  %  that  by  the 
detached,  f"  the  refraction  in  seconds^  and  ^*  the  parallax  in  aemth-distanoe  here. 
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TQCB  OF  TIUIISIT  OF  THB  SUN  BY  THB  WATCH. 


h.  BL     I. 

Apparent  noon, 12  0    0 

Equation  of  time  at  Broddick,  apparent  noon,  +  2  32.8 
Error  of  chronometer,  dow  at  noon,    .         .     -  13.4 


Time  of  transit  by  watch. 


12    2  19.4 


Example  1. — ^Determination  of  the  latitude  by  drcmn-meridian 
obsexrationB  on  the  sun  by  the  same  instrum^it. 

In  Hub  example  the  readings  were,  and  in  all  other  cases  have 
been,  recorded  in  the  same  manner  as  the  last,  but,  to  save  room, 
the  means  of  the  three  yemiers  A,  B,  C,  only  are  recorded  here. 


1. 
2. 

3. 
4. 
5. 

6. 


TfaBM  by  WaMIi. 
h.    in<    s* 

11  46  47 
11  48  80 

11  57  85 

12  0  10 
12  5  3 
12    7  50 


6)71  44  55 
11  57  29.2 


Cor.  W.      +  18.4 

Longitude,  +      20  87.0 
O.  M.  T.,       12  18  19.6 


♦  — 

«  0 

15  29 

16  28 
14  SO 

17  25 

18  25 
25  18 


Z.D. 


// 


48 
44 
48 
44 
48 
44 


52  5.0  «.  2. 
17  33.8  I.  L 
45  88.8  «.  L 

12  48.8  U  I. 
45  18.8  ^.  I, 

13  23.8  1. 1. 


Refractkm  And  PumOax, 
or  CoRMtkm. 

1-144'  llog)«  1.7512 
6»29*».51og&  9.9927 
r«62''  F.  log  r  9.9995 
«a62»F.  log    I  9.9893 

r"«+54".04  log  1.7327 
»^«—  5  .94 


105  155     e\  24    6  86.5 
105  44     1     6.1 

6)  50 


Mr.a>-f48  .10 


—       8.3  /■>— 


S*^    Dm.  It  G.N.    U  86    5.0  N. 


44    0  57.8    Red.tol8».8-i-      15.8 


eor.    ■■  •♦• 


^•1    Reduced  dee.    11  85  49.2  N. 


tme  Z.  D.     44     1  45.9 


Sun's  transit  by  watch. 
Time  of  let  observation, 

A|  or  let  difference, 

A«     ••• 

^     ... 


h.     m.    a. 
12     2  20 
11  45  47 

16  33 

13  50 

4  45 
2  10 
2  43 
6  30 
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V. 

26062 

18211 

2148 

447 

703 

2879 


6792 

3316 

46 
2 

6 
83 


50450 


10244 
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Computation  of  the  Rbductiov  to  thb  Mxridiak. 


Latitude, 
Declination, 

+ 

55  35  20  N.  cosine 
11  35  50  N.  cosine 

9.752146 
9.991042 

0.158294 

cot. 

X  2» 

'vlog 
log  6 

log 

+  0",  12 

Time  Z.  D. 

43  59  30        ooaee. 

50450        log     .    . 
6        log     .    . 

8*.3  losing,  log 

138.24        log     .    . 
0.12 

0.015289 

3V               « 

N               « 

9.901482 
.    4.702861 
.    7.536274 

.    0.000038 

.    2.140650 

•                • 

9.802964 
4.010470 
5.235244 

ChrmLrate 

Istterm     « 
2d  term      » 

9.063967 

Rednotion  ^ 

138.12      e 

0    2  18.12 

Corrected  obserred  lenith-distance,  .       .        .         +  44    1  45.90 

True  meridian  lenith-distance,  43  59  27.78N. 

Declination  for  mean  of  times  of  obs.  1 1  35  49.20N. 

Tmelatitade,  ^7  ob6.,of  thesnn,        ....         ss  55  35  16.98N. 

Example  2. — Determination  of  the  latitude  bj  obseirations  on 
Polaris,  at  a  distance  from  the  meridian,  in  tiie  evening. 

Broddick,  Augud  23, 1843. 
h  B  29>>.40;  r  B  56<»  Fahrenheit;  t  »  56*  Fahrenheit. 


No. 
1. 

2. 

8. 

4. 


TimM  by  chron.  LevdL 

e. '      0, 
h.  m.  a.  -f       — 

8  52  28  P.M.  23    25 
8  59  25  21     27 


Z.D. 


RfllkMtioB,  or  oonvotkMi. 


** 


9    5  55 
9  13  27 


23    27 
19    31 


84  32  53.3 
25  26.7 
27  23.3 
20  11.3 


i)  „ 


10 


9    2  47.5 
Chron.  fisst,  —  6  31.7 


86  110  4)    105  54.6 
86      34  26  28.65 
4)24     {»—    6.00 


34  26.4    log  »  «  -»  1.6025 

29.4«        log  6     »  9.9912 

log  T    Bs  9.9997 

log  I     «  9.9946 


b  » 

r  B  56'»  F. 

t    »  56  F. 


38".73 


1.5880 


Brod.M.T.,8  56  15.8  2  a  —    6      34  26  22.65 
Longitnde,  +  20  37.2  r"     »-  +      38.73 


G.  M.  T.,     9  16  53.0 


84  27     1.38 


To  Dbtbbminb  thb  Stabs*  timb  op  Transit. — Tablbs  XXVI.  and  XXVIL 


Pdaili.  h.  m.  •.  a  Aqullc 

1.  BIdaiMl  tinw  at  GffMnwich,  UN.     10    4  Sl.OO  &  Stei^R.A.in  &T. 
Broddlek  nmn  Umo,  8  66  1580       Rod.  to  19^  4»a  ll>.a6 

Rodiactlon  for  Qrmn,  moMi  ttmo,  1  81.48 

BiaaTa  R.  A.  nMon  tlmo. 


SldoNOltfiiioofobNnrakioD,  19    S  18.88       Thuult  of  Ailai, 

Bter'triglitan«uion,orPolarbR.A.  1    8  4096 


DIff.  — tldorMl  tlmo  oflor  tnuiait 
ofPoburia,  -     ....      17  58  98L80 


Dodlnatioii  by  N.  A.  - 


88  S8  96.1 


Bom  — <  S4h 

Rod.  or  ocoh.  for  long. 

M.  T.  of  tmndt, 
dnoa.  flwt  on  9k  87m 

Tkanait  by  ohron. 


h.  m.  I. 
19  48  11.86 

—  3  18.88 

19  89  67.58 
+  IS  87    8.04 

-    9  87    5.S7 

—  8.89 

9  S7    2.18 
4-    6  31.78 

9  43  8X84 
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CALCULATION  OF  THB  LATITITDB  AND  AZnCUTH  BT  THB  VOKMJTLM,  PAGE  344. 

<i  =    88  S»  26.1  oot  8.4255588   ooeeo  0.0001541  oot   8.4255588 


h.  m.  ■> 
f  =:    17  58  28.8  000  7.8240822 


9.9999903 


«  =  +   0  0  86.65 


6.2495905   ooe  10.0000000 


)  =  84  27  1.88  008   9.9162520 


X  =  4-   55  84  45.40 


sin        99164061      boq       0.2477476 


/    1/ 


/  = 


55  85  22.05  N, 


-     .  K 

Referring  lamp  E 


An^^ 


Lamp 
Qoatfell  Station,  lamp 

Aomuth  of  GoatfiBU  Pile 


N 
W 


2  41  54.05  B  tan      a6782962 
1  42  21.95 


4  24  16.00 
81    7  57.20 


N     26  48  41.20  W      firom  station* 


Example  8. — Dbtxbmination  of  thb  latitude  bt  a  aquilab. 


Broddiok,  August  28, 1848,  6  =  29.4  r  and  t  =  56  F. 

h.  m.    •.  •• 

Transit  by  chronometer,  9  48  84.    Daily  rate,  8.8  losing. 


%0. 

TfniMbj  Chron. 
h.  m.   1. 

1 

2 
8 
4 

9  25  57  P.M. 
9  80  57 
9  88  85 
9  48  88 

5 
6 

7 
8 

9  50    5 

9  54  40 

10    0  27 

10    5  41 

8 

)78  10    0 

9  46  15 


%^  o. 

+  — 

25  25 

20  80 

43  7 

85  15 

82  18 

29  22 

82  18 

28  28 

244  158 

158 

•       •         • 

8  )     86     « = 

I  -  +  10.75 
Cor. 

Cor.  Z.  D. 


D.. 


/  M 


O  / 


47  17  18.3  # 

7  48.8  h 
9  50.0  r 

8  10.0  t 


:  47  11.1  log  »  #: 
29.4      log  6 
56'       logr 
56*       log I 


8  J87  25.0 

47  10  55.62 
+        10.75 

47  11 

+     1 

6.87 
0.91 

1.7992 
9.9912 
9.9997 
9.9946 


10  26.7  r'sr  1'  0".91  log         1.7847 
6  86.7 
16  85.0 
15  45.0 


47  12    7.28 
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RXDUCnON  TO  THB  MBBZDIAK  BT  ▲  gPBCLU.  TABLB,  FOB.  (9),  (10),  p.  344. 

Il  m.    ■. 
Tnnsit  by  watch,  i«ge  486,      .  9  43  34 

Rrat  obaer?ition,  9  25  57 

■^^^^^^^■^  ** 

A  1,  or  first  diflRsronoe, 17  87  R    «    4^4.07 

A  2, .        •   19  87  938^ 

A  8, 4  59  87.19 

A  4. 0    4  0.01 

A  5, «  81  68.59 

A  6, 11    6  184.48 

A  7, 16  58  426.80 

A  8,          .        .       - 22    7  782.20 

Sum,  2146.01 

Sum, —2146.01 

One-eighth,  or  R    ...    —  268.25 

R6d.ofM.SoLtoSidT.        .    -f      1.47        =    liv  R  +  i^  of  f i,  R 

Correetioii  for  8.8  loBing        .    +      0.02    dailj  or  mean  time. 

Reduction,     ....    —  269.74        =              —  04  29.74    N 

Corrected  senith-dutance,                                                 -f  47  12    7.28    K 

True  meridian  aenith-distanoe,                         =  47    7  87.54    N 

Stan"  declination  from  N.  A.                             =  8  27  48.88    K 

Latitude^ 55  85  20.92    N 


RBCAPITULAIION  AWD  FIHAL  MlUlf  BB8UI.T8y  BT  OITIKO  WBIOHT  TO  THB  UTTHBEB 

OF  OWBBTATIOlfB  IN  BACH  8BBIB8. 


/      // 


1  Series, 

2  Series, 
8  Seriesy 


55  85  16.98  N 
22.05 
20.02 


Henoe  the  true  latitude  is 


Seconds^  x  6  =: 
Seconds,  x  4  = 
Seconds,  x      =3 


18 


101.88 

88  JO 

167.8« 

)  357.44 


55*  85'  19^.86  N 


By  combming  a  greater  number  of  obsenratioiiB  in  different  yeanii 
on  various  dajs,  the  latitude  was  found  to  be  55^  35'  IS'.iS,  difier- 
ing  by  O'.iS  from  the  preceding. 


AND  LEVELLING. 
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LOKOrrUDB  OP  BBODDICK  STATION  BT  CHBONOMBTKR. 


Example  4.—Broddiei,  August  4^  1843. 

Barometer,  29*^.4 ;  Thermometer,  65"  Fahrenheit. 


ThDM  bjT  CSnoD* 
No.       b.    n.  a. 


Ltvd. 

+    — 


1 
2 


9    6  15  AJf.    18  81 
9    9  28  0  44 


2    )      15  88 

T.byWatoh,    9    7  49 

Cor.  Watch,    +    1  80 
Loogltade,      +  20  87 


Z.    D. 

50  87  20.0  I  =  50  89.8  log  )  «  =  1.8520 
50  42  13.8  h  =  29.4  log  6  9.9912 
r  =  65"  F.    log  r        9.9994 

9.9866 


79  88.8    t  =r  65"  F.    log  < 


50  89  46.67  ff^' =5      67''.51og 


O.M.T. 


9  29  56 


18  75 
18 
2  )62 
1  —  81       /  =  —  81.00      »  =  6".5 


1.8292 


50  89  15.67  Ck>r.  =  61 .0         =    1'  1''.00 
CJor.     +  1    1.00 


Sun'a  true  ZJ).  50  40  16.67 

90    0    0.00 


Sun'a  true  altitade, 


•    / 


89  19  48.88 
Ik    m.    I. 

To  Qree&wioh  mean  timf,  August  8,  21  29  56  Q'a  dec.  ss  17  24    8.0    N 

90 


Sun*s  polar  distance,  72  85  52.0    N 


•    t 


Sun  8  tme  altitadoy 
Son's  polar  distance, 
LatitudCy 

• 
e 

neter. 

39  19  43 

72  35  52  cosecant     • 

55  35  19  secant 

0.020847 
0.247851 

Sam,    •         •        • 

.       167  30  54 

Half,    . 
Diflrepenoe, 

83  45  27  cosine 
44  25  44  nne 

•      21    3  27.5  R.  V.  &,    . 
+         5  51.4 

9.038376 
9.845113 

Time  past,  liaioh  3» 
Equation  of  time. 

9.149687 

Mean  time,    . 
Time  by  watch,     . 

.     21     9  18.9 
.      21    7  49.0 

Watch  slow. 

Watch  slow  of  chronoi 

0    1  29.9 
0    8  32.5 

Chronometer  fast, 


0    7    2.6 
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Broaght  over, 
Correction  for  nte. 

Longitude  from  Edinburgh, 
Longitude  of  Edinbuigh, 


Longitude- of  Broddicky  . 

By  very  numerous  observations, 


h.    m.      •. 
0     7     2.6 
+  61.7 


Or  in  time, 


0    7  64.3  W. 
0  12  43.0  W. 

0  20  37.3  W.  =  6    9  19.6  W. 

6    9  16.96 

h.   nu     8. 
0  20  37.13 


Example  6. — Broddick^  Augiut  3, 1844. 
6=29^.96,  r  and  <»65o  Fahrenheit. 


TfoMB  by  Watch, 
b.  m.   ■• 

5  13  12 
5  22  15 


2)    36  27 


LeveL 
e     0 

+    — 

15  29 


19  24 
34  53 
84 


Z.  D.  Bearing  of  Bim  and  Ooatfen. 

68  22  53.3  T.  R.,    36  17  36.7  son,  1 

100  48    3.3GoatfeU,  2 


69    3  56.7  T.  L.,  218  39  26.7  son,  3 

137  26  50.0  280  44  46.7  GoatfbU,  4 


5  17  43.6 
Watch  fast,    -        2  13.5      2)19    I  " 


68  48  25.0  2— 1»  64  30  26.6 
9.5  4— 8=s  62    5  20.0 


Brod.  M.  T.,       5  15  30.0 1«—  9.5         68  43  15.5  Mean,    68  17  53.3 

Longitude,      +     20  87.3      sun's  cor.  +  2  16.1  9=  refraction  —  parallax. 

Greep.  M.  T.,     5  36    7.3       T.  Z.  D.,     68  45  31.6 

True  alt.,    21  14  28.4 


Sun's  polar  distance, 
Sun's  true  altitude. 
Latitude,         .  . 

Sum,      .  •       .         • 

Half, 
Difference, 


e       /        // 

72  37  22 

21  14  29  secant      0.030666 

65  36  19  secant      0.247861 


149  27  10 


74  43  36  cosine 
2    6  13  cosine 


9.420663 
9.999707 

19.698776 


Half  asBimuth, 


Azimuth  of  sun. 
Angle  to  Goatfell  pile. 

Azimuth  of  Goatfell, 
Azimuths,  page  437,    . 


o         /     u 

46    0  46  cosine      9.849383 
.  2 


N.  ©0    1  32.0.W. 
N.  63  17  63.3  W. 


N.  26  43  38.7  W. 
N.  26  43  41.2  W. 


▼ 

[ 


Mean, 


N.  26  43  39.96  W« 


AND  LEYELUNG.  44} 

By  more  numerous  observations,  the  azimuth  was  found  to  be 
N.  26°  43'  3S\5Q  W.  from  the  station  of  the  instrument  at  Brod- 
dick. 

The  height  of  the  soil  at  the  same  station  is  18.5  feet  above 
mean  tide  nearly.  The  height  of  the  axis  of  the  circle  above  the 
ground  generally  varied  from  about  4.8  to  5.0  feet. 

The  latitude,  longitude,  and  height  of  what  may  be  termed  the 
primary  station  being  now  determined,  together  with  the  bearing 
of  the  second  point  of  the  triangulation,  in  a  conspicuous  situa- 
tion, its  distance  and  position  must  next  be  obtained  by  triangula- 
tion,  whence  a  complete  series  may  be  extended  in  all  directions  as 
far  as  necessary  or  convenient. 

For  this  purpose  must  be  measured  the  base  or  primary  si4e  of 
the  first  triangle  with  all  possible  accuracy,  from  the  best  means  at 
command,  as  has  been  described  in  a  preceding  part  of  this  work, 
because  on  this,  in  an  important  degree,  depends  the  accuracy  of 
all  succeeding  results,  and  the  final  conclusion  of  the  whole  opera- 
tion. 

In  this  diagram,  A  is  Broddick  station,  and  C  is  Goatfell  pile. 

Fig.  1. 


AB»   676.22 feet. 

Parts  of  the  base 
AFs   386.56   ...    \      EB  connected 

by  angles. 
A£»  1407.88   ... 


V 


2^oU. — ^The  line  should  have  been  drawn  from  A  to  F,  and  not  to  the  intonection 
of  the  Imes  C  F  and  E  B,  as  has  been  done  by  an  oversight  of  the  engraver.  See 
pages  320  and  425,  f  is  the  circle's  position,  near  Qoatfell  pile,  at  C. 
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TRIANGULATION  OP  A  PAKT  OP  ABRAN. 

See  also  Plates  XXTX,  and  XXX. 


Fig.S. 


▲  Btetion  At  thtiODih  cnd'of  Bioddick 

Tillage). 
B  That  at  tha  boat-hut  naar  the  diora. 
C  OoatlUlpila. 

D  The  staff  on  Broddiek  oaftia. 
E  Station  at  the  bridge  near  tba  ehmch. 
F  Station  at  StnOiane  gate. 
ODimfioopOe. 
H  Dundabh  pQe. 
I  Holy  Ide  pile. 


F1g.l. 


Fig.  S. 


K  Donnrie  pQe. 
L  Hatfuaj-hiU  pile. 

MAibaClraig. 
NBrownhOl. 

O  Beinbhaxin  pDe. 

P  Kingahill  pQe. 

QBeinnonh. 

t  Cirde'k  poaition  on  GoatML 

«  0=14.56  fset 


Though  the  triangles  in  Nos.  1  and  2  are  of  a  shape  unfavourable 
to  accuracy,  it  has  been  thought  proper  to  give  them;  bat  their 
results,  on  that  account,  have  not  been  used  m  the  subsequent  cal- 
culations. 

Several  of  these  triangles  will  show  how  difficult  or  impossible  it 
is  to  render  practice  conformable  to  theory.  See  Article  IV.,  page 
321. 


AND  UBVELLING. 
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o. 

1 

AntlM. 

OpMMHaSidM 

No. 

▲nglM. 

Opporite  eum 

lllI\Mt. 

1. 

ABC 
BAG 
ACB 

neb  43.80 

108  44    1.67 
8  86  1&08 

16877.8 
166618 
676.98 

18. 

BHE 
BEH 
BBH 

9  \i  1?.90 

60  87  47.83 

101  90  54.87 

9878.497 
13333.00 
13969.49 

180    0    OlOO 

180    0    0.00 

8. 

APC 
FAG 
ACF 

ii  i  'iro 

148  18  4a00 
0  44  18410 

16408.14 

16683.07 

886.66 

1& 

BHG 
BOH 
HBO 

1&  A  a&16 

86  58  90.68 

6  10    4.16 

16883.68 

13833.00 

8831J0 

180    0    0.00 

180    0    0.00 

8. 

OEF 
CFB 
BGF 

»l4i   &86 

90  11  ISJM) 

6    6  88.86 

1678&08 
16866LS6 

1407.88 

14. 

CBB 
CEB 
BOB 

01  ^  88.06 

80  16  14.83 

8  16    6.60 

16886.19 
15618.68 

8878.407 

180    0    0.00 

180    0    0.00 

4. 

OAF 

AFG 
OFA 

1&  li  48.00 

81    8    6.70 
0  44  18.80 

16788.08 

16460.80 

886.66 

16. 

BOO 
BOG 
OBO 

•9  Vtft.77 

9    0  37.78 

161  61  89.50 

16683.58 
15618.68 
81043.00 

from  had 
■hap*. 

180    0    0.00 

180    0    0.00 

& 

ABD 
BAD 
ADB 

Itf  6i  4&00 
48    7  63.86 
18    0  81.66 

9684.66 

S18a77 
676LS8 

16. 

BGG 
BGO 
OBG 

16  A   1^.46 

17  88  84.68 
146    4  85.86 

15866.86 
16618.06 
81063UKr 

180    0    0.00 

180    0    0.00 

6. 

AFB 
ABF 
FAB 

47  16  8^.68 

84  47  14.18 

106    8  18.86 

886J» 

876.68 

17. 

CIO 
CGI 
OCI 

• 

9i^^S7 

16S  80  63.88 

4  18  41.45 

81063.07 
46863.83 
11460.98 

180    0    0.00 

180    0    0.00 

7. 

FAB 
FEA 
AFE 

4V    iOM 

11  86  68.74 

181  18  80.00 

1407.68 

886L65 

1641.87 

18. 

OIM 
ICM 
IMG 

140  10  1X18 
87  30  41.15 
18  10    4.67 

187061.60 
90173.66 
46863.83 

180    0    0.00 

180  0  aoo 

8. 

BAB 
ABB 
ABB 

156  1^  4<i60 

17  87  66.78 

7    8  50.68 

8r8.407 

1641.87 

676.88 

10. 

KGI 
KIG 
OKI 

^98^14 
73  48  17.98 
38  41  16.64 

81886.46 
11469.98 

180    0    OXW 

180    0    OJOO 

8. 

BFB 
FBE 
FBB 

lA  ^  4?4» 
7    0  18.88 
4  88  64.18 

8873.497 

1407.88 

876.69 

80. 

IK  L 
KL  I 
KI  L 

VrAt  lS.40 
68    6  47.44 
13  68  60.16 

88887.68 

81385.46 

5668i89 

180  0  aoo 

180    0    0.00 

10. 

BOB 
BBC 
OBB 

6l£  tm 
80  16  14.88 
91  88  89.00 

88781497 
16618.68 
16666.86 

8L 

OKI 
KGI 
CIK 

ffir86    S.73 
88  10    6.83 
64  89  61 JM 

46968J8 
21386.46 
40688Ui6 

180  0  aoo 

180  0  aoo 

11. 

BOB 
BBO 
BBa 

'7  8i  ^.97 

66  48  11.68 

106  89  68.41 

88781407 
16883.66 
16618.96 

88. 

CLI 
ICL 
GIL 

h  A  S&.86 
88  47  43.65 
78  88  61.10 

464864» 
98887.68 

4(aiH>38 

180    0    0.00 

180    0    0.00 
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L  JK'.,& 

• 

A  A»Avavri 

L'l  ^^  IW  wmM.  mm^-\ 

■ 

I 

Ko. 

▲ni^. 

^"ffisr- 

No. 

• 

ABglM. 

OffwdiaaaM 

1 

1 

1 

23. 
24. 
26. 
2& 

27. 
28. 

29. 
30. 
31. 
82. 
33. 

KCL 
CKL 
KLC 

KLN 
LKN 
KNL 

« 

KCO 
OKC 
KOC 

010 
COI 
ICO 

CON 
CNO 
NCO 

CIN 
CNI 
NCI 

ON  I 
OI  N 
NO  I 

Banlomond 
Holy  Ida 
OoatfaU 

Banlomond 
Balnbharin 
GoatiBn 

Banlomond 
Holy  Ida 
Bainbharin 

Banlomond 
Banoampila 
Goalfdl 

'o  h  :w.36 

174  46  43.87 
4  36  37.78 

6568.89 

40437.17 
40688.55 

28073.35 

9636440 

6508.89 

64241.97 
30640.31 
40888.65 

30840.31 
46853.33 
07965.92 

600964i0 
90640.30 
58467.00 

0OO9&6O 
45263.33 
49188JM 

67956.92 
58457.00 
4918&24 

2S50264» 
259700.20 

30840.30 
236026.30 
261591.19 

07955.02 
251591.10 
259700.90 

968772.0 
236939.7 
119509.0 

34. 
35. 
36. 
87. 
38. 
39. 

4a 

41. 
42. 
43. 
44. 

Banlomond 

Bandeodi 

TInto 

Benoampaia 

Calton 

TInto 

Bandaneh 

Banoampria 

TInto 

Banlomond 

Banclandi 

Banoanupaia 

Bandaneh 

Calton 

Baneampaia 

Bandaneh 

Calton 

TInto 

Calton 

KdlWaw 

Bandendi 

Bandaudi 

Calton 

IndikalthLt 

Eaat  Lomond 
Bandaudi 
Calton  St 

Eaat  Lomond 
KaUaLaw 
Indikdth  Lt. 

OdtonHm 
KaillaLaw 

47    5  2il4 
96  39  69.61 
36  14  3&25 

217990.9 
99609ai 
178907.7 

105878L2 
188672.8 
1909B.4 

189672J 

2179909 

9B940L6 

9694016 
1196094) 
175007.7 

19699S.4 

96240.3 

1463306 

10637&8 
2179909 
146334.0 

208540.4 
140335.0 
136063.5 

30278JI 
140043.7 
140336.0 

146S3C0 
1QB830.S 
11S4SS.0 

106847.7 
78392J 
89704^ 

1S6O63L0 

897045 

100230J 

180    0    0.00 

lf2  k  2^.38 
67    4  42.10 
10  12  40.52 

180  0  aoo 
a  4»  17.12 

69  48ia40 
08  42  96L48 

180    0    0.00 

h  16  3ii.86 
34  20  28.08 
48  23  52.00 

180  0  aoo 

SB  14  Sa.85 
97  19    8.05 
90  33  29.50 

180    0    0.00 

21  k  li.46 

32  61  31.53 

126  26    9.02 

180  0  aoo 

SB  11  ^.23 

40  26  37.03 

107  22  39.14 

\ 

180    0    0.00 

77SkAj»' 
30    7  18.18 
7169  53.60 

180  0  aoo 

ids  SO  41.66 
28  43  26.10 
46  42  52.34 

1 

180  D    0.00 

78  <&  \sr 

47  38  36.87 
53  96  90.50 

180  0  aoo 

49  19  S&S2 
88  31  40.24 
42    8  57.44 

180    0    0.00 

^  46  1^.40 
67  12  46.40 
45    1  21.20 

180    0    0.00 

01  ^iL'» 
41  47  57.10 
46  13  22.62 

180    0    0.00 

'*8  54  4i93 

53  63    8.67 

117  13    7.60 

180  0  aoo 

11  J&i  64.95 
73  16  29.18 
94  49  35.92 

180    0    0.00 

0  15   %.00 

50  24  12.00 

117  20  40.00 

180  0  aoo 

45  38  58.74 
50  26  1&87 

180    0    OM 

16    9  iri.68 
76  34  30.32 
89  16  S&OO 

180    0    U.00 

7B  k  10.32 
46  52  54.50 
55  24  65.09 

180    0    0.00 

M&  45.00 
05  35  15.10 
27  28  59.30 

180    0    0.00 

41  33  23.04 
51    5  3a85 

180    0    0.00 

180  0  aoo 

AND  LETELLINQ. 
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Ho. 

^ 

inFM*. 

No. 

■■  ■      - 
Aattot. 

46.* 

46. 

47. 

4& 

40. 

60. 

61. 

68. 

63. 

64. 

66. 

Ida  of  May  Light 
EmI  Lomond 
GaltODHiU  . 

Tfnto    . 

Bwiloaioiid  . 
Unto    . 
GoMMl 

Benlomaiid  . 

OoAtiiBU 

Jum    . 

Gofttfiril 

Jm 

B«DTu1tvfl,Iala7 

Bmx  0«,  Iil«y 

Goatfell 

KDoeklii|«.Ii«lABd 

Jim 

Goatfell 

B«nOe 

B«n  09 

Jum 

BenTkitovU 

BMUomoiid  . 
OoatfeU 
Knocktayd  . 

Benlomond  . 

Gofttlidl 

B«oO« 

Tfoto   . 
Oofttfin 
CainumnlroD 
Deugh 

b    6  &.17 
77  81  38.90 
60  89  42.63 

106830.8 
1531745 
136688.2 

188678.6 
316876.3 
858788.7 

816976.8 
835020.7 
205690.1 

186497.8 
28088&8 

836088.9 

111136L6 
861030.6 
106487.8 

877762.0 
171630.2 
227672.7 

227672.7 
116633.6 
186488.0 

111186.6 

46306.7 

115533.6 

877762.0 
6026140 
235080.0 

297672.0 
307138.6 
935098.0 

9480684) 

167609.0 
316876.3 

66. 

67. 
58. 
60. 
60. 
61. 
62. 
63. 
64 
66. 
66. 

CaffnmoJr  . 
Goatrell 
Knocklajd   . 

Bonlomond  . 
GofttMl 
Benmore,  Mall 

Banlomond  . 
CairnamulrD. 
Knocklayd  . 

Benlomond  . 

GoatfeU 

Jim 

Jnim 

fienmora 

BMiHayntah 

B«Dinora 

BaoTartevU 

BenHajnlah 

BenTaittvU 

Jim 

BttHaynlab 

Banmore 

BanHaynJab 

Lnnga, 

Banmora 
BaD  Hayniah 
lawN.  Pila 

Banmoia 
Jim 
lonaN.  Pila 

Banmora 

Jim 

StaffaPUaorCaTa 

97  4»  10.00 

100  40  87.00 

32  33    400 

277762.0 
4860740 
843808.5 

336845.4 

203217.6 
235020.7 

• 

4800741 

5085046 
358037.6 

186487.8 
880388.8 
836088.0 

1843344 
876400.8 
180626.8 

28387aO 
184336.7 
27003SJ 

276400.8 
283866.3 
111136L1 

101005.0 

86180.6 

184336.6 

114470.1 

88888.0 

184336J» 

170800.0 
88388.0 

100886.3 

206412.8 

66663.8 

100626.3 

180    0    0.00 

85  16  4^.18 
80  40  68.41 
54  63  14.41 

180    0    0.00 

78  15  1L40 
68  27  21.80 
43  17  35.80 

180    0    0.00 

h  '8    &4S 
46  18    7.10 
68  45  46.48 

180    0    0.00 

68  43  {^.Oi 
70  43  17.54 
43  84  25.42 

180    0    0.00 

40  41  &.74 
87  22  4ai7 
61  65  86.00 

180    0    0.00 

0       /         // 

40  41  68.74 
87  22  40.17 
51  66  90.00 

180    0    0.00 

113  53  33.60 
43  11  58.66 

180    0    0.00 

41  il  SIM 
04  26  6400 
48  41  85.00 

180    0    0.00 

0        /         // 

86  67  46.60 
38    6    a80 
54  56  18.60 

180    0    0.00 

74  40  &00 
38  46  32.00 
66  33    6.00 

180    0    0.00 

M^^80 
30  80  87.20 
60    7  66.00 

180    0    0.00 

74  {7  6.00 
82  61    &00 
22  61  33.00 

180    0    0.00 

72  lb    0.40 
23  31    0.20 
83  3S60L40 

180  0  aoo 

12  87  41.00 

10  88  48.00 

156  43  87.00 

180    0    0.00 

13    0  1&.00 

165  68  18.80 

11    1  16.80 

180    0    0.00 

&  '0  ikoo 

18    8    8.00 
136  48  88.00 

180    0    0.00 

80^68.80 

117  68  17  60 

31  40  43.70 

180    0    0.00 

68  iV  40.00 
26  48    74N> 
84  64  18.00 

180    0    0.00 

tf  41    loo 
31  36  16.00 
06  43  40.00 

180    0    0.00 

&  iAo 

18  62  48.0 
68    4  32.0 

180    0    0.00 

180  0  ao 
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67. 

AAfflM. 

IbVw*. 

Vo. 

^ 

^ 

BmTartora 
lonaX.  nit 

40  ^1  ^1.0 

16  SS  10.0 

114    6  30.0 

226Q2&7 

88380.3 

270086.7 

78. 

Jam 

Boi.lkitrrfl 

Oroonj 

76    7  66.0 
84  28  3910 
OD23  20LO 

1UB74J 

672I4J0 

UUSSJ 

180    0    0.0 

180    0    0.0 

6& 

Jam    . 
BenHeyntah 
StaJikPile  . 

S68  4ko 

42  68  60.0 

114    7  10.0 

UTmM) 
206410.0 
2764013 

70. 

Jam    . 

Bmiwom 

B«iTkrttTM 

lM^4l.O 
10  46  28.0 
86  80  60.0 

S7809&6 
U11S7.7 

uooasj 

180    0    0.0 

180    0    0.0 

69. 

Bm  Tartovil 
looaS.  Ptto 

42^2  6.0 

20  21  29.0 

117  26  16.0 

214886.2 
111270.3 
288861.7 

80. 

Bffilfim    . 
BenH^jnJth 
looAN.Pito 

26  'O  iko 

18    2    0.0 

186  48  88.0 

U4CA.1 

883804) 

184S86Lfi 

180    0    0.0 

UO    0    0.0 

70. 

Jim    . 

BflaHfljBUi 

lona&Pito 

12i2{k0 

19  20  43.0 

148  27    1.0 

276404.8 
11127aO 
174867.7 

81. 

Ooloamy 
loBftX.  Fito 

4sl2fiL0 
6324    2.0 
82  68  10.0 

sanoji 

06881.0 

Ui9r46je 

180    0    0.0 

180    0    0a» 

71. 

Jam 

BwTkrttfTll 
lona  8.  Pil« 

&    3^.0 
63  66  64.0 
31    0  30.0 

214876LI 

174966.6 
111136J) 

82. 

Oolflnmy 

BenTwIrrll 

BmHeynldi 

iori5  \q 

41  61  31.0 
30  28  27.0 

288887^ 

1888B2J> 
16078641 

180    0    0.0 

180  0  ao 

791 

Jam 
ColoaMj.    . 

16  ((S  &.0 

28  26  66.0 

140  40  26.0 

110742.0 

82462.1 

1008M4) 

88. 

OraoMy 
ColooMy 
Jam     . 

101  &  6.0 

62  62  46.0 
26    8  62.0 

82I82J8 
672164) 
368224) 

180  0  ao 

180  0  ao 

78. 

Btfnmon 

BenHcyniih 

Coloni^y 

86    0  60.0 
66  16  66.0 

1068B2J 
110747.3 
184336.6 

84. 

OniiMj 

Coloomy 
lou&Pflt 

bfeiLO 

116  22    2.0 

16  30  84.0 

828204) 

1120010 

8682U) 

180    0    0.0 

180  0  ao 

74. 

B«nH«jnifh 
OronmjPil« 

76  h  ii.O 
46  61    8^ 
68  42  11.0 

206803.0 
164703.4 
184386.6 

86. 

BtnTluttTfl 

Cokmay 

lom&Plk 

21  A  6&0 

121  67  6aO 

86  82  1641 

828204) 
2148714) 
UOSTSiO 

180    0    0.0 

180  0  ao 

76. 

Bmmon 
B«nHeyiiiih 
UlvaPito     . 

20^  VO 

7  28  14.0 

161  47  87.0 

I3808&1 

60707.1 

184836l6 

88. 

B«B  TwttTll 
Onoaaj 

IOIlA8.Pi]* 

lo^iko 
140  40  ao 

10  62  4&i» 

U280a0b 
2148n.O 

180    0    0.0 

180  0  ao 

76. 

Jam     . 

BmTkrtorfl 

ColonmyPila 

101  ie  6.0 

82  26  69.0 
46  17  14.0 

160786.2 

82461.2 

111186.6 

87. 

Otonity 
B«oTkrteTn 
Ion  N.  Pilt 

146  64    LO 
17  24  84.0 
16  41  26.0 

■  Iff  HIM  ^ 

1200O1.O 
11074.0 

180    0    0.0 

180  0  ao 

77. 

Benmom 
Jum    . 
OrooMjPUt 

fo    0  l'6.0 

48  34  48  0 

112  26    2.0 

67216.0 
164704.2 
190626.1 

88. 

BanTtftevll 
lona  S.  Pll« 
Ion*  N.  Pilt 

*2    2  ^1.0 

141  16  20.0 

86  40  6aO 

12882.0 

228026.0 
214871.0 

180  0  ao 

180    0    0.0 
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Ke. 


80. 


90. 


91. 


92. 


BmReyniah 
lona  N.  pile 
lona&PO* 


Bmusoiv 
Steflk  . 
lonaN.Pfl* 


lona  N.  Pile 
U1t»    . 


loittN.  PIto 
Ulm 
LoQga  . 


6  is  &.0 

7183  83.0 

101  18    1.0 


180    0    0.0 

83  44  W.0 
106  18  34.0 

60  8  r.o 


180    0    0.0 


e      / 

46  63 

37  7  sao 

06  69    6.0 


180    0    0.0 

63  16    9.0 
80    8SS.0 


180    0    0.0 


Oppoiito 

MdM 
laFMi. 


12830.0 
1118n.O 
114479.0 


84875.0 
83389.0 
66664.0 


60638.0 
60707.0 
83389.0 


80684.0 
64064.0 
60638.0 


So. 


93. 


94. 


95. 


96. 


Ben  Mora 
Lnnga 
lona  N.  Pile 


Bwiinon 
lona  a  Pile 
Lorga 


CpknoMy 
Oronaay 
lona  N.  POe 


lona  N.  POe 
lona  8.  Pile 
Jura  Pile 


▲nglM. 


9        *        44 

37  46  63.0 
68  21  17.0 
73  61  61.0 


180    0    0.0 

9/1* 

41  34  3.0 
63  4  6.0 
76  81  61.0 


180    0    0.0 

ils^siko 

43  44  36.0 
14  81  60.0 


180    0    0.0 

&  63  ^5.6 

110  16    6.0 

3  61    7.6 


180    0    0.0 


Oppo«lt« 

eudM 

InrMC. 


54064.0 
83380.0 
86181.0 


64731.0 
86181.0 
04795.0 


180001.0 
06888.0 
85882.0 


174368.0 

179800.0 

18833.0 


From  the  station  of  the  circle,  near  Goatfell  pile,  the  following 
observationB  were  taken. 

Let  A  be  Broddick  station,  I  Holy  Isle  pile,  C  Goatfell  pile,  and 
P  the  point  on  which  the  circle  stood  when  the  observations  were 
made. 

Then,  by  measurement  and  a  little  provisoiy  calculation,  it  was 
found  that 


PC     =rf 
PA     =r 
PI      =/ 

=    14.56  feet. 

=  15460  feet  approximately 

=  45250  feet  approximately, 

API  =P 
I  PC-/> 
APC  =  P  + 
PAI  =A 
I  PC  =p 

=     7    8  13.77 
=    74  40  58.33 
jE>  =    81  49  12.10 
=  1691118) 
=    74  40  58/ 

A— />  =    943020 


These  are  the  data  employed  in  formulae  (3)  and  (4),  page  329,  of 
Trigonometrical  Surveying,  to  reduce  the  observed  angle  A  P I  to 
A  C I — ^that  required  at  the  axis  of  the  signal. 
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By  (3)  log  R"  »  5.314425 

d  »  14.56  feet    log.  1.163161 


P  +p 
r 


6.477586  +       . 
81''  49  12.1  sin  9.9955^9        p 
15460  ft.  a.  c.  I.  5.810791         / 


6.477586 
74''  40^  58\3  sin  9.984292 
45250  a.  c.  1.  5.344381 


Ist  term    +  192^28  log    2.283936  -f     2d  tenn 
2d  term    —    64  .01 


—  64".01       1.806259  — 


Reduction  +  128  .27 

By  (4)  log  R"      . 
A  —  169''  1 1'  18'  cosecant 

A  — p  »    94  30  20  sine 
p  =      7    8  14  sine 

d  ^    1456  feet   log 

r  ^  15460  feet  a.  c.  1. 

Reduction  +  128\21 

Mean  cor.  +  128''.24  = 

P 


0    2    8.24 
7     8  13.77 


5.314425  4- 
0.726810  + 
9.908656  + 
9.094283  + 
1.163161  + 
5.810710  + 

2.108045  -^ 


A  C I    .         .         .  »  7  10  22.01     while  by  observation 

A  C  bears       .         .  .  N.  26  43  38.56    W.  from  A,  and  dis- 

tant 15459.8  feety  as  will  be  found  by  subsequent  calculation. 

Bearings  and  Distances. 
1.  In  the  preceding  figure,  as  shown  in  pages  440, 441, 

A  C  bears  X.  26''  43'  38^.56  W.  disUnt  15459.8  ft 

Latitude  of  A  55^  35'  19^.43  N.      longitude  5«  9^.  16''.95  W. 

(1)  Latitude  of  C  or  /  »    55  37  36  approximately. 


(2) 


S9 


of  A  or  / 


56  35  20 


a    = 

A    = 

^  (/+^)=    55  3e  28 

55  36  28         log    M  »  7.993750 

N  26  43  38.56  W.      cos      9.950927 

15459.8  feet             log      4.189204 

+    02  16.11            log      2.133881 
55  35  19.43 

log    P- 

sine 

log 

log  ;»" 

•                   a 

1.13  log 
16.95 

-  7.992822 
9.652967 
4.189204 

1.834993 

r"    = 

55  37  35.54 

—          0.02  see  page  370,  note. 

/      = 

55  37  35.52  secant 

55  35  19.43  A/>      ..+02 

0.248271 

r    = 

2.063264 

i  (/>  n  = 

55  36  27.48  p'     .     .      =        5     9 
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Brought  over,     o     /     «  .         .     +        0    2    1.13  log    2.083264 

i  (/  +  O  -      65  36  27.48  //  .-59  16.95 


p      ....      5  11  18.08 

4  (/  +  O     =      ^96  27.48  sine  9.916554 


A«    .    .     =        0    139.96  log    1.999818 
*        .     .     =  N.  26  43  38.56  W. 


C  A  beats      '  S.  26  45  18.52  £. 
A  C  I     .     =i        7  10  22.01  E. 


From  Qoatfelly  Holy  Isle  bears  S.  33  55  40,53  £. 
Dbtanty  page  443,  A  17,        .         .     45253.33  feet. 

Hence  the  definitive  latitude  of  Goatfell  is 

W"  37'  35\52  N.,  longitude  5°  11'  18^.08  W. 

that  is  here  assumed  as  the  starting  point  from  which  others  are 
to  be  derived  by  means  of  these  bearings  and  distances  from  it. 

Broddick  Castle. 


/    // 


A  C  bears  N.  26  43  38.56  W.    Fig.,  p.  441. 

C  A  D  A's  (I)  (5)       61  36    8.32  £. 

A  D  bears  N.  34  52  29.76  £.  distant  2634.56  feet 

/  Broddick  castle,  lat.    55  35  40  N.  by  approximation. 
V  Broddick  station,  lat.  55  35  20  N. 


i  (/  +  r)  .  55  36  30  N. 


/  H 


CI      or  Holy  Isle  pile  bears  .        .  S.  33  55  40.53  E. 
GCI   A  17, 4  19  41.45  E. 

CO     or  Dnnflon  bears  .  &  38  15  21.98  £.  distant  31063.07  ft. 

Fbom  Goatfsll  Pile. 

C 1       Holy  Iile  pfle  bean  .  S.  33  hh  40.53  E.  diitaat  45253.33  ft. 

KCI  Holy  Me,  GoatfeU,  Ailsa,  27  30  41.15 

1, S.     6  24  59.38  E. 

2, S.    6  25    6.00  E. 

8, S.    6  25    8.93  E. 

Mean,  .  S.    6  25    4.76  E.  distant  187081.60  ft. 

2p 
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Holj  Isle  pile  bean 
A  21    Holy  Lde,  Goaifelly  Diiniirie» 

CK     Pnniirie  bean 

K  C  L  Half-way  Hill,  or  S.  W.  ^, 


8.  33  55  40.53  E. 
28  10    5.33  W. 


S.    5  45  35.20  K  distant  4088835 
0  37  38.35  W. 


C  L      Half-way  HiU,  or  9.W.  pile,      S.    5   7  56.85  E.  diataiit  46437.17 
L  C  N  Half-way  Hill,  Goatfell,  Brownliill,  24  38  27.60  W.  Z  22,28,  fte. 


G  N     Brownhill  bean     . 
N CO  Bxownhill,  GoatfeU, 

C  O     Beinbharxn  bean 

or,  •        .        • 


.  S.  19  30  30.75  W.  dirtaat  60096.50 
71  59  53.56  W.  A  (27) 

.  S.  91  30  24.31  W. 

.  N.  88  29  35.69  W.  distant  30846.30 


PosinoM  OF  Bboddicx  Castle. 


h(i  +  n= 


A   ssi 


./< . 


r    =r 


55  35  30 
N.  34  52  29.76 
2634.56 

logM< 

008 

log 
seoant 

Ap 
P 

Af 

M 

-7.993750    logPtol 
9.914027    sine 
3.420708    log 

1.328485    \ogp" 

.        •        • 

=  —00  26.22 
=         5    9  16.95 

• 
• 

• 

• 
log 

sin 

log 
£. 

7.992823 
.    9.757234 
•    8.420708 

+    00  21.31 
55  35  19.48 

.    1.170765 

55  35  40.74 

.    0.247917 

1.418682 

5    8  50.78 
n  =s        55  85  30.08 

o        /       // 

=         0    0  21.63 
=  N.  34  52  29.76 

9.916471 

1.335153 

Broddiok  station  bean 


S.  34  52  51.39    W.  ftom  oasile. 


\ 


Broddiok  oastle  lat. 


t        St 


55  35  40.74    N.  long.  5  8  50.73   W. 
In  time    0^  20"  35-.38W. 


In  this  manner  the  results  in  the  following  table  were  obtained. 
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Ifo. 

VAmmm  BrATmn. 

▲rfmitttl  frOtttlM  BOtth. 

lAtttade  W. 

LoofttadcW. 

1 

2 

Broddiek  Steyon 
Broddick  GMtle,   . 

M    Bi    S$.76 
214    63    61.30 

e          *       II 

66    35    19.43 
65    36    40.74 

I 

8 

9    16.96 
8    60.73 

3 

4 

Broddiek  Btetkm, 
GoatfeU,        .       .       . 

SJ3    16    £.44 
158    14    41.48 

56    ^    i9.43 
66    37    36J9 

1 
6 

'8    60.73 
11    18.08 

6 
0 

GoatfeD, 
Dunflon, 

141    44    &03 
321    49    14.06 

66    37    36.53 
66    33    84.94 

s 

6 

li  fao6 

6    43.67 

7 
8 

OoatMl, 

Holyld*.      .       .       . 

146      4    19.47 
326    10    31.60 

65  it    £'».62 

66  31    25.20 

e 
6 
6 

11    18.06 
3    69.19 

9 
10 

Gofttfell, 

AUm  CnOff,           .       . 

173    84    &.24 
363    38    38.40 

66    87    35.52 
65    15    12.67 

I 
6 

11    /k06 
6    62.69 

11 
12 

GoatfeU, 
Dunuriet 

174    14    ^4.80 
364    16    23.60 

66    3^    &.62 
66    SO    64.61 

e 

6 
6 

11   I'aos 

10      6.80 

13 
14 

GcfttfeU, 
Hatfwaj-hffl, 

174    63      &15 
364    63      2.66 

66    87    36.52 
66    29    69.62 

e 

6 
6 

11    18.08 
10      &84 

16 
18 

QoaMa, 
Brownhin,     . 

199  sh  :$b.75 

19    26    43.57 

65    3^    &.25 
65    28    16.98 

e 

6 
6 

li    i%.08 
17      &34 

17 
18 

OofttlUI, 

271    SO    ^4.31 
91    23     0.88 

66    37    i5.52 
65    37    43.17 

0 

6 
6 

ill  ikoe 

20    15.34 

19 
20 

Gofttfcn,        .       .       . 
Bwlomood,  . 

is  A  is 

209    19      2 

55    37    .36.6 
66    11    27.7 

o 

6 

4 

li    18.1 
37    46.6 

21 
22 

Goatfon.        .       .       . 
Bcncamptto, 

O              1          H 

66    20    16 
237    13    30 

66    8^    35.5 
66      0      29 

1 

4 

li    &1 
8      9.0 

23 
24 

Gofttlril, 

Tinto,    .... 

91    ^     "^ 
272    52    45 

66    ai7    &.6 
65    36    33.2 

• 
6 
3 

li    f&l 
39    34.6 

26 

26 

GofttftD,               .       . 
Ckinsmiilr  on  Dangli. 

123    12    ft 
304      1      8 

56    37    36.6 
66    16    24.2 

6* 

4 

li    &1 
12    316 

27 

28 

GMtbll,        .       .       . 
KnocMaTd,  Ireland,    . 

63      0    36 

&    3^    &.6 
65      9    46.7 

• 
6 
6 

li    Al 
14    62.0 

29 
30 

Oofttfell,        .       .       . 
B«b06,        ... 

2^0    <&    'O 
90     4    26 

66    37    &6 

66    37    66.2 

« 
5 
6 

li    &1 
17    24^ 

31 
32 

B«taiTuttTU, 

97    32      2 

66    3^    35.5 
56    43    S5i) 

I 

6 

li    f8.1 
26    26.6 

33 

34 

GoAtMl,        .       .       . 
Junii     .... 

801    S^    & 
120    48    20 

&    37    &5 
66    64    11.7 

e 

6 

6 

li    1k'\ 
0      15 

»  36 
36 

Gofttfcn, 
Bcmnora*  MuH,    . 

3So  a^  & 

149    42    64 

66    S&    &.6 
66    25    32.1 

i 
6 

li  f&i 

0    87  J 
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PRIMAKY  STATION,  JURA.  PILK 


So. 

t                                                                                           • 

Nakm  ov  SrATioaa. 

Aihantli  fh?fn  tht  iwrth. 

LirtltadaV 

.-^w. 

87 
38 

Jim,     .... 
Bemnora,  Mull, 

359    84    Us 
179    S3    67 

65    64    11.7 
68    S5    SS.4 

i    0 

8      0 

1 

u 

37.6 

39 
40 

Junk,     .... 
Zona  North  PUo,    . 

»3    SMS    £» 
163    lA    46 

56    54    11.7 
68    SO    31.7 

8  h 
6    23 

38L4 

41 
4S 

Juntf     .... 
^  Ion*  flooth  Pile,    . 

0                  4            44 

8S9    46    10 
149    S3    43 

66    64    l7.7 
68    18    63.7 

S  6 
8    86 

is 

0.0 

43 
44 

JmUf     .... 
Bein  Heynidi,  TIree,     . 

317    Xi    & 
138    47      6 

55    64    ll7 
58    S7    SS.0 

I  6 
8    66 

11.5 

4S 

46 

Junk(     .... 
Ben  TuteTU,  Iday.      . 

^    41    45 
64    19    66 

66    54    117 

66    43    36.7 

8  d 
8    86 

is 
S8.e 

47 
48 

Jam,     .... 
Oroiuaj» 

310    «»^fi) 
130    37    17 

66    64    l1f.7 
68      1    83.9 

8*  0 
8    14 

is 

S7.7 

49 
60 

Juim,     .... 
Cokxnnj, 

^    6^    jS) 
166    60    19 

65    64    ll7 
68      6    33.7 

8      9 

is 

S4.7 

61 
69 

Joim,      .... 
StaffaCave,  . 

340    31    ^ 
180    14    46 

65    64    1I7 
58    85    68.9 

•  / 
6  9 
8    10 

is 

90.8 

I 
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PRIMABT  STATION,  DUKII  CAIRN,  lONA. 


Ve. 

Hahm  ov  SrATiom. 

▲Umiithfrom  Um  north. 

LMltodiV. 

u-^w. 

63 
64 

lona  North  Pile,   . 
Slallk  Oaini,  orer  cave. 

18    Sb     '6 
196    88    48 

M    9N)    ^1.7 
68    85    6&9 

0 

8 
8 

Sb    3SL4 
80    80.7 

66 

58 

lona  NorUi  Pile,   . 
UlvaPUe,      . 

81    14    69 
811    88    43 

M  aib  fi.7 
68    88    69.8 

I 
8 

^   iS.4 
14    19U» 

67 

68 

lona  North  Pile,  . 
LungaPUe,   . 

354    30    43 
174    89    85 

M    ^    li.7 
68    89    30.9 

i 

6 

^    8^.4 
85    10.0 

69 

looa  North  Pile,  . 
Benmora,  Moll, 

88    ^    & 
848    41    43 

68    in    ^1.7 
68    85    38.5 

8* 
8 

»    ii4 
0    34.8 
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HEIGHTS. 

Broddick^  August  15, 1844. 

At  Station  B.— Fig.  p.  441. 

Barometer,  SO^.IO  Fahrenheit ;  Thermometer,  63*.6  » «■  and  (. 

Note. — T.  B.  means  telescope  right,  and  T.  L.  telescope  left,  in  reference 
to  the  divided  circle  after  reversing  it. 

LeveL  Teleaoopa  LereL 

e         0  onYeiticftl  2Seiiilh-diitaooe.  e         o  Depmaioa  of  Sea. 

22  20    T.  R    79  37  28.83    28  18    0  0  60.00 
11  29    T.  L.    79  43  3.33    31  17    0  6  3.33 

33  49  80  31.66    69  36    0  6  63.33 

33  

gx—  79  40  16.88    36       0  2  66.66 

I^y^l«_  8    Level,  —      8.00    24 

79  40  7.88  +  12    / « +     12.00 

3  8.66 

Computation  of  n  by  Table  XI.  Height  of  Station. 

6»80>".10  and  l^eS^'S  log  7.45008  Da>8'  8''.66a  188".66  log  x  2»4.55]  4 

r»68«.5        logx2»9.99884  Logo,  Table  XXL.  s6.4579 

t»363^5        log      ■B9.98796  

&»80^.10      log  1.47857  <;  A  »  10.22  feet,        log  1.0093 

the  height  of  the  axis  of  the  oircle 

1180.08281  log  8.91544  above  mean  tide. 

-0.5 

i»—0.5«— 0.41769  log  9.620854  — 

i  (/+r)  and  •»29M        log  o  7.993474 

«=15612.62feet      log  4.193476 4.198476 

y'^— 0*  1'4".24      log  1.807804  — 

)»    79  40  7  .88 

l=»   79  39  3  .64     ootangent 9.261534 

A  k'=  2851.12  feet log    8.455010 

dh^      10.22  feet. 

H=  2861.34  feet,  the  height  of  Goatfell  above  mean  tide. 

2.  From  the  top  of  Goatfell,  Beinbharin  had  a  zenith-distance  of 
90o  59'  31\35  when  the  barometer  stood  at  27*".50,  the  attached 
and  detached  thermometer  at  54°  Fahrenheit,  and  the  distance 
was  30846.31  feet. 

5^27^.60  and  <»i64%  give  log         .         .         .  7.46086 

r«64''       logrx2— 9.99966 

^»i64°       log^ 9.99640 

5  —  27.60  log  5 1.43933 

M  — 0.07696 8.88624 
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Brought  over,  +0.(^696 
—0.6 


n— 0.6  =  —  0.42304  log 
Log  0  to  latitude  66^.6  and  a 
K»  30846.31  log       . 

u  =  -^   0*>    2'    8\36    log 
d.      90   69  31  .36 


«>88< 


90  67  23.00     cot 


—   616.01 
GoatftU  +  2861.34 


log 


.     9.6263814  — 
.     7.9928302 
4.4892030\  —4.4892030 


693 

3 

8.2226622 

2.7118148/   — 


2.1064146 

mATablexziT. 

S 


H»  2346.33  feet,  the  height  of  Beinhharin. 

3.  From  Goatfell,  Benlomond  bears  N.  28''  51'  12'  E.,  distant 
235926.3  feet,  ^{1+1)=  56^  54'.5. 

Chatfell piUf  August  30,  1843,  6»27*".26,  r  and<  — 60"*  Fahrenheit; 
mean  zenith  of  distance  from  two  series,  90°  12'  6*.16. 

b  »  27*^.26,  and  t »  60<'  Fahrenheit^  log  h  .  7.461 22 

r  s.  60''  Fahrenheit,  .         .         log  r  x  2  »  0.00000 

I  r»  60'' Fahrenheit,  .         .         log  .  0.00000 

6  =  27*"26 1.43637 


n  »  0.07702         log 


8.88669 


—  0.6 


.6  = 
K 


0.42298  log 
236926.3  log 
66''.91,  and  a»  28''.84  log  o 


9.6263198 
6.3727764 
7.9936088 


!/=»—  0°  16'23".12  log 
6 »     90    12     6  .16  cot 


2.9926060  — 


K 


89    66  43  .04  cotangent 
236926.3  Iqg     . 

mh     Table  xxiv.. 
S        Table  xzir. 


7.0964404 

6.3727764 

694 

48 


dh^    293.96  feety  log 
h  »  2861.34  feet,  the  height  of  Goatfell. 


2.4682810 


H  aa  3166.30  feet,  the  height  of  Benlomond. 

4.  From  the  top  of  Dunii  Cairn  In  lona,  329.6  feet  above  the 
mean  level  of  the  sea,  the  zenith-distanee  of  Benmore  in  Mull  was 
observed  to  be  88°  9  36".3,  the  barometer  b  =  30«».02,  tbe  ther- 
mometer 50""  0',  at  the  distance  of  83389  feet :  required  the  height 
of  Benmore  ?    Ans. — 3150  feet. 


AND  LEYELLIKG.  455 

In  like  maimer  the  following  heights  were  determined : — 

6.  DaBfion, 638.83  feet 

6.  Dnndnbh, 741.72  „ 

7-  Holy  Ib]«, 1031.72  „ 

8.  Dii]nirie,w«itofI«m]Mh 1338.27  „ 

9.  Pilo  ioath-wwt  of  Dnnnrie  now  Half-way  HUl,  1610.30  „ 
10.  Brown  Hill,  Bonth  of  Blaekwator  foot,         ....  762.61  „ 

11.  Aii»  Craig, mass  „ 


12.  DETIBMIIIATIOK  OF  TRB  HBIOHT  OF  XOST  RLAVO,  FROM  THB  OBBIBYATIOVB 

OF  M.  PLANA. 

VAHBi  eV  VrATMMS. 

SplMricid  AaglM. 

■ar 

MMaAaglM. 

I^fcyjo-*.— 

MoBt  CdomMir, 
Moot  Onnkr,     . 

M0Bt91UK,         . 

70    is    1468 

70      9    14.00 

Coodndcd. 

—  3.83 

—  3.33 

—  3.83 

A    t»    fl.19 
70      9    10.07 
88    64    S&14 

6.4896036 

&4619619 
6.1991981 

180      0      0.00 

^ 

SnIth-diitanM  or 
Xoni  DlBae. 

Tbmn. 

Tatltait- 

— ^ 

Mont  Colombtar, 
MoDtGraatar.    . 
Moot  Blane, 

A    6  Am 

88    91    96.00 

laehM. 
96.446 
93.799 

66.04 
69.70 

45  69  1&4  N 

46  97  68.3  N 
45  48  66.3M 

8  80    44    1&6  B 
NOO    98    S0.8B 

Difk  off  Mont  Blanc  from  Mont  CotanUor,    .                      lof  K  » 
Udght  of  Mont  Onaior,  (060.64  ffBOt,    .         .       .       .       mA 
Di0t  of  Mont  Blane  Ikom  Mont  Oianl«r.S896664»iiMt,          a 

Lo^Kiadnotd, 

6.4619619 
•«■       984 
4-         09 

.   6.46186H5 

• 

Dirt,  of  Mont  Blane  from  Mont  Oiaaior,         ...        logK 

HtlgbtorMontGianier.e3S0.0i«Mt mh 

Dtakeff  Mont  Blanc  from  Mont  Gtanltr,S7n4BJCMt   .       8. 

&4a96086 

•I-     1890 
4-         06 

6.4397090 

MontCoL  and  M.  Blaact  ('<*-  r  -*46  il  hj8B  and  •  -  B.  W  uloB  E.  Io(0  -  7.8030770 
MontOmn.aadM.BlancI  (  K  r  -  46  88  66^  and  •  -  N.  00  88  80.8  E.  log  0  «  7JMtt44 
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Compotetlon  of  n  «!  Colombtor. 
In.  o 

b  »  25.445  and  I  »  55.04  F.  log  7.45051 

T  »  55^04      log  X  2  m  9.99956 

t  »  55^04      log  X  7  i-  9.99564 

in. 

6  =  25.445     log 


6  = 

t  = 

1.40560     6  = 


CompttCalioa  of  »  at  Otaaiar. 

in. 

28.729  and  I  -  52.7  F.,  log  7.45058 

52^7  F.  log  X  2    —  9.99976 

52*  9.      log  X  6    »  9.99757 

In. 

28 .729  1.87528 


n  B  0.070992  log 
—      0.5 


8.85121     »  =    0:066556 
—       0.5 


—     0.429008  log 

Logo 

Bed.logK, 


9.6824654     ~       0 .488444 
7.9980770     LogO       . 
5.4518565     Ked.  log  K, 


log      8.82819 


log  9.6869880 
7.9984144 
5.4897920 


—  0«  19'  53".81   log 
88      5   28  .00 


3.0768989     »  = 


-  0«  19'  85" 
88    21   25 


log  8.0700494 


y  a      87    45   84  .19  cot 
Log  K  reduced 

d  h,  11061.15  log 
V  4748.64  BoU 
ft"  4.48      instrument. 


8.5924442 
5.4518565 

4.0488007 


I,  =    88      1   50 
Log  K  reduced, 
d  h,        9464.43 

A'        6856.64  aofl 

V  4.48  instrument. 


cot  8.5863922 

5.4897020 

log  8.9760548 


2,  A  «  15825.50  feet 
1,  A  I-  15809.28 


15817.36  feet  above  the  mean 


1,4=15809.23  feet 

Mean  height  of  Mont  Blanc, 
leyel  of  the  sea. 

Two  determinations  by  Colonel  Coraboeuf  give  a  mean  height 
of  15798.90  feet  through  the  Mole  at  Geneva  and  Mont  Cheryin. 

The  aggregate  of  these  give  15808.13  feet,  which  cannot  differ 
much  from  the  truth.  This  result  was  communicated  to  mj  friend, 
Mr  A.  K.  Johnston,  taken  at  15810  feet  in  round  numbers,  for  the 
use  of  his  Physical  Atlas. 
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DEFINITIONS 

HICniAXT  TO  BB  KBOWH  IB  OBDBB  TO  UBOBBSIAND  TBB  U8B  OP  IB8TRUMBMT8. 

1.  When  angles  are  measured  on  a  level  plane,  similar  to  the 
surface  of  the  sea  or  a  lake,  thej  are  called  horizontal  angles. 

2.  When  angles  are  measured  on  a  plane  perpendicular  to  the 
level  plane,  thej  are  called -t?0r^tcaZ  angles. 

3.  K  angles  are  measured  in  neither  of  these  planes,  they  are 
said  to  be  taken  in  oblique  or  on  inclined  planes. 

4.  If  the  angles  be  measured  in  the  vertical  plane,  above  the 
straight  line  passing  through  the  e je  of  the  observer  perpendicular 
to  the  plumb-line,  thej  are  called  angles  of  elevation  /  their  com- 
plements to  90^  are  called  zenith-diatancea  ;  and  the  angular  instru- 
ments, such  as  theodolites,  altitude  and  azimuth  circles,  &c.,  are 
commonly  constructed  so  as  to  read  either  way,  according  to  the 
orders  of  the  observer. 

5.  When  angles  are  taken  below  the  level  or  horizontal  line  de- 
fined above,  they  are  called  angles  of  dtpression;  though,  when 
the  instrument  reads  zenith-diBtances,  this  distinction  is  unnecessary, 
because  the  excess  above  90^  is  the  depression. 

6*  These  respective  positions  are  known  by  means  of  the  plumlH 
Une  or  spir^lwely  one  or  other  of  which  is  generally  applied  to  aB 
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ingtraments  reqiuringy  in  their  application,  a  knowledge  of  these 
planes. 

7.  Those  points  are  said  to  be  in  the  same  level  which  are  equi- 
distant from  the  earth's  centre  considered  as  a  sphere.  The  earth, 
however,  is  reallj  a  spheroid^  having  its  polar  axis  less  than  its 
equatorial  diameter  by  ,^,,  and  in  the  more  refined  operations,  it  is 
the  surface  of  this  spheroid  that  is  accounted  the  leveL 

8.  In  the  measurement  of  altitudes,  the  height  of  the  instzximent 
must  generall7.be  added  to  the  result  from  calculation  when  situ- 
ated at  the  hottom^  but  subtracted  when  at  the  tap.  The  mean 
level  of  the  sea,  or  that  at  half-tide,  is  generally  adopted  as  the 
standard  from  which  heights  are  estimated.  If  high  or  low  water 
at  spring-tides  be  assumed,  this  should  be  stated,  and  the  rise  of  the 
tide  recorded* 

9.  To  illustrate  the  preceding  definitions  and  tenns  used  in  the 
mensuration  of  heights  and  distances  on  the  earth's  surface  trigo- 
nometricallj,  let  A  H'  N  B  be  a  section 

of  the  earth  at  the  surface  of  the  sea, 
considered  as  a  sphere,  which  for  this 
purpoBe  is  Buffidently  near  the  truth, 
then,  if  S  be  the  station  of  the  observer 
at  the  height  A  S,  or  A,  above  the  mean 
level  of  the  sea,  Z  N  will  be  pointed  out 
by  the  plumb-line  hanging  freely,  H  S 
perpendicular  to  Z  N  will  be  indicated 
by  the  spirit-level ;  the  point  T  will  be 
the  utmost  limits  of  vision,  or  the  sur- 
face of  the  sea  at  the  distance  T  S  or  <2, 
and  to  these  lines  distinctive  names 
have  been  appropriated.  The  point  Z  is 
called  the  zenith,  the  opposite  point  N  is 

called  the  nadir ;  H  S,  perpendicular  to  Z  N,  is  called  the  horizontal 
line ;  H'  G  B,  parallel  to  it,  and  passing  through  the  earth's  centre 
C,  is  called  the  true  horizon ;  and  S  T  the  distance  of  the  visible 
horizon  where  the  sky  and  the  extreme  limits  of  the  surface  of  the 
sea  appear  to  meet.  When  observations  are  made  with  angular 
instruments,  as  the  theodolite,  the  altitude  and  azimuth  cirdes,  the 
reflecting  circle,  &c.,  on  any  object  O,  in  the  direction  S  O ;  the 
angle  O  S  Z  is  called  the  zenith-distance,  O  3  H  the  altitude,  and 
H  S  T  the  depression  of  the  horizon  T  S,  below  the  horizontal  line 
H  S  marked  by  the  spirit-level,  called  also  by  seamen  the  dip  of 
the  horizon.    Independent  of  refraction,  it  is  equal  to  the  angle 
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T  C  S  meamred  by  the  arc  AT.  This  arc  has  by  Honbntf h,  &c., 
been  improperlj  given  as  the  definition  of  the  dip,  though,  as  has 
been  shown,  it  is  equal  to  it,  and  maj  be  taken  as  a  measure  of  it 
only,  without  allowing  for  the  effects  of  terrestrial  refraction. 


THE  SPIRIT-LEVEL. 

The  spirit-level  is  a  cylindrical  glass  tube  AOB,  of  a  uniform 
diameter  throughout,  which  is  carefully  ground  into  the  form  of  a 
circular  arc  of  large  radius,  occasionally  of  several  hundred  feet, 
which  makes  it  appear  almost  straight. 

It  is  then  nearly  filled  with  some  fluid,  as  alcohol  or  ether,  and 
the  ends  are  artificially  closed  or  hermetically  sealed.  To  the 
upper  fsar&ice  of  fine  instruments  there  is  adapted  a  scale  having 
divinons  cut  on  a  slip  of  ivory,  or  even  on  the  surface  of  the  glass 
itself,  showing  single  seconds,  or  some  multiple  of  the  second, 
though  in  all  the  smaller  portable  instruments  hoo  seconds  is  the 
best,  and  by  far  the  most  convenient  in  application,  and  the  read- 
ing from  a  central  ^ero  is  commonly  preferred. 

If  the  cylindrical  arc  be  placed  in  a  vertical  plane  with  the  convex 


B 

1  + 
0 


side  uppermost,  and  the  extremities  A  B  resting  on  a  horizontal 
surface  as  in  the  figure  (1),  the  bubble  of  air  a  i  left  in  the  tube 
will  rise  to  the  highest  part  of  it,  and  wiU  remain,  from  the  prin- 
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cipleB  of  gravitj,  steadily  between  the  same  divisions;  while  the 
plane  on  which  it  is  placed  revolves  round  a  truly  vertical  axis,  by 
that  means  retaining  the  plane  in  a  peifectlj  horizontal  position. 
If  it  be  necessary  to  bring  the  plane  of  an  instroment,  sach  as  that 
of  a  theodolite,  readily  into  a  horizontal  position,  it  is  generally 
provided  with  two  levels  nearly  equal  to  each  other  in  every 
respect,  which  are  placed  at  right  angles  to  one  another,  and  per- 
manently attached  to  the  plane,  though  still  capable  of  adjustment 
by  screws  for  that  purpose.  In  the  more  ordinary  instruments,  the 
maker  marks  the  position  of  the  bubbles  when  the  plane  is  hori- 
zontal, and,  therefore,  when  the  bubbles  occupy  these  positions,  the 
plane  on  which  they  are  fixed  must  be  horizontal.  For  conmion 
instruments  these  marks  are  reckoned  sufficient,  and  the  divided 
scales  are  thought  to  be  unnecessary. 

In  fine  instruments,  if  the  plane  of  the  level  be  inclined,  by  the 
unequal  action  of  heat  upon  its  supports  or  other  unavoidable 
causes,  to  the  vertical,  and  the  position  of  the  extremities  of  tbe 
bubble  be  noted,  then  if,  upon  reversing  the  instrument  by  turning 
it  half  round  the  vertical  axis,  at  a  second  observation,  they  occupy 
the  same  positions  as  in  (1)  (2),  where  A  and  B  merely  exchange 
places  and  occupy  those  of  a  and  ^  in  a  reversed  position,  the 
plane  will  be  truly  level,  and  have  the  same  inclination  to  the 
vertical  ZN  in  the  preceding  figure  as  it  had  before.    This,  how- 
ever, from  different  causes,  almost  never  happens,  and  then  it  be- 
comes absolutely  necessary  to  record  the  reading  of  both  ends  of 
the  level  reckoned  most  conveniently,  as  in  the  figure,  fix)m  a 
central  zero,  indicated  firom  the  positions  marked  (3)  and  (4).    If 
the  verniers  of  the  instrument  read  zenith-distances,  the  reading  of 
the  extremities  of  the  bubble  on  the  scale  of  the  level  next  the 
observer,  called  the  eyerend^  is  marked  +,  and  that  farthest  from, 
him,  or  the  cbject-^nd^  — .     If  the  instrument  reads  altitudes,  the 
signs  must  be  reversed,  that  is,  the  eye-end  must  be  reckoned  — , 
and  the  object-end  +.    If  the  divisions  on  the  scale  of  the  level  do 
not  show  single  seconds,  the  difference  between  the  positive  and 
negative  sums  must  be  multiplied  by  the  value  of  <me  division,  and 
the  result  divided  by  twice  the  number  of  the  observations,  and 
applied  to  the  degrees,  &c.,  read  firom  the  drde,  according  to  its 
sign,  to  give  the  true  reading  corrected  for  the  inclination  of  the 
vertical  axis. 

Example  1.  Suppose  the  circle  reads  zenith-distances,  then  the 
reading  of  the  level  in  the  figure  is  marked  thus: — 
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No.  1  of  the  figure  A,  B  giyes, 

H 
1 

0 

1 

—  2  of  the  figure,       .... 

1 

1 

—  3  bj  a  slight  inclination  B,  A,      . 

2 

0 

—  4  by  an  opposite  inclination  A,  B, 

0 

2 

Sams,      •  .  ..44 

These  sums  being  equal,  and  having  opposite  signs,  prove  that 
no  error  arises  from  the  inclination  of  the  verdcal  axis  of  the  circle 
in  the  use  of  a  fixed  level. 


Example  2.  In  a  course  of  operations  made  at  Broddick,  in 
Arran,  by  the  writer,  with  a  circle  having  three  verniers,  each 
showing  10*,  and  a  fixed  level,  each  division  of  the  scale  of  which 
indicated  3',  the  following  observations  on  Polaris  were  taken  in 
latitude  by  estimation  55''  3&  30'  N.,  longitude  20*  40*  W.,  on  the 
6th  of  August  1836,  by  a  watch  9*  5'  fast. 

Broddidk  Bridge^  August  6,  1836. 


English  Barometer  6»29i''.98 


Fahrenheit's  thermometer  l»49<>.5. 


U 

rel. 

Girele. 

Obe.   Times.  Ver.    Z.D. 

€ 

0 

h.  m.  8. 

1 

+ 

— 

Direot. 

1. 

10  23  45  A  34  17  20 

20 

14 

B 

17  30 

C 

17  20 

. 

2. 

10  44  45  A  34  12  20 

23 

11 

Reversed. 

Mean 

10  34  15  B 

12  30. 

C 

12  10 

Sums +  43, 
—25 

—25 

Mean 

•        . 

34  14  51.7 

Effect  of  level  . 

+       13.5 

Diff.  + 18 

3"= 

= valne  of  a  division. 

Z  D.coTrec.forlev.=34  15  5.2 


2  no.  obs.  =  4)54 


+  13.5  =  /  =  effect  of  level. 


To  the  mean  of  the  times  of  observation, 
Apply  the  error  of  watch  fast, 

Mean  time  at  place  of  observation, 
Longitude  in  tune  west, 

Mean  time  at  Greenwich, 


k>     m.      I. 

10  84  15 
—    95 

10  25  10 
+  20  40 

10  45  50 


from  which  the  latitude  may  be  found  by  the  method  explained  in 
the  Nautical  Almanac  for  1836,  p.  524,  or  by  the  formula  given  for 
the  same  purpose  in  this  work.  These  observations,  with  the 
assistance  of  MaihemaHcal  and  Astranomuxd  Tablesy  and  the 
Nautical  Almanac^  give  the  latitude  55*"  35'  28'.6  N.  from  this 
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series,  which,  where  great  accuracj  is  required,  ought  to  be  con- 
tinued for  a  considerable  time  on  stars  both  to  the  north  and  south 
of  the  zenith,  in  pairs  nearly  equidistant  from  it,  to  destroy  any 
error  firom  a  bias  in  the  instrument,  or  a  faulty  habit  of  observing. 

The  mean  of  the  whole,  combined  according  to  the  number  of 
observations  in  each  series,  will,  even  with  a  moderate-sized  instru- 
ment, ^ve  the  final  latitude  with  considerable  accuracy.  The 
most  convenient  division  of  the  scale  of  the  level  is  2*  for  each, 
because  the  effect  of  the  level  would  be  got  by  dividing  the  dijETer- 
enoe  of  the  sums  of  the  columns  e  and  o  by  the  number  of  observa- 
tions simply,  whereby  both  the  multiplication  by  die  value  of  one 
division  of  ihe  scale  and  the  operation  of  doubling  the  number  of 
observations  for  a  divisor  b  avoided. 


THE  VERNIER. 

The  vernier  isasmall  scale  sliding  against  a  divided  scale  or  arc, 
in  such  a  manner  as  to  subdivide  those  parts  of  the  arc  into 
smaller  divisions  than  can  be  conveniently  and  distinctly  executed 
on  the  arc  itself. 

Thus,  if  an  arc  be  divided  into  single  degrees,  then  a  small 
scale,  having  an  extent  equal  to  59  of  these  degrees  divided 
into  60  equal  parts,  each  part  on  the  vernier  will  be  in  leaa 


than  one  on  ihe  arc.  But  it  part  of  one  degree  is  equal  to  1', 
consequently  such  a  vernier  would,  by  the  coincidence  of  any 
two  lines — one  on  the  vernier  with  one  on  the  aro — show  single 
minutes.  This  vernier,  however,  would  be  rather  inconveniently 
long.  If,  therefore,  the  arc,  as  in  the  common  theodolite,  be 
divided  mto  half  degrees  of  diOf  each,  then  a  vernier  scale  of  29  of 
these  half  degrees,  divided  into  30  equal  parts,  will  also  show 
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minutesy  and  the  rernier  scaley  being  shorter,  is  more  conyenient. 
In  this  case,  care  must  be  taken  not  to  forget  half  a  degree  in  re- 
cording the  reading  indicated  by  the  arrow  which  marks  the 
degrees  and  parts  on  the  arc.  Generally,  if  n — 1  divisions  on  the 
arc  be  divided  into  n  divisions  on  the  vernier,  then  this  vernier 

shows  -      part  of  the  divisions  on  the  limb,  for  1  _  ^^^^  ^-^  * 

Thus,  if  one  degree,  as  in  the  figure,  be  divided  into  six  equal 
parts  of  1(K  Mwh,.  and  if  59  of  these  be  divided  into  60  on  the  ver- 
nier, tl^eii,  H'  » :^  10';  consequently,  such  a  vernier  shows  10* 
diroetl^,  and  5"  iwjjr*be  easily  estimated.*  Finer  snbdivirions  than 
theK^  9f&  generally  <l^tained  by  the  readmg  mieroscope.  If  obser- 
vatiwwi  be  repeated^  however,  on  different  parts  of  the  limb,  a 
degree  9£  predoiMi  sufficient  for  almost  the  nicest  purposes  may  be 
easily  oblMiAd  t^en  by  this  vernier.  Indeed,  repetitions  should  be . 
taken  on  different  days,  to  avoid  the  irregularities  to  which  the 
most  powerful  instruments  are  Uable  from  the  effects  of  refraction. 
In  using  the  different  kinds  of  verniers,  it  will  be  found  more  easy, 
and  less  liable  to  error  in  reading  off  the  arcs,  when  the  degree  on 
the  limb  and  the  minute  on  the  vernier  are  similarly  divided. 
Thus,  if  the  limb  be  divided  to  20^,  the  vernier  should  show  20"; 
if  the  limb  read  10',  the  vernier  should  read  to  10",  as  in  the 
figure,  &c.  By  this  arrangement,  the  mind  is  less  liable  to  be  dis- 
tracted  during  the  operation  of  reading,  than  when  the  limb  is  read 
according  to  one  arrangement  and  the  vernier  to  another. 


THE  READING  MICROSCOPE. 

When  the  reading  microscpe  is  applied  to  read  the  divisions  of 
an  astronomical  circle,  the  graduations  in  the  arc  generally  indicate 
spaces  of  five  minutes  each,  which  are  read  along  with  the  degrees 
by  means  of  an  index  pointer.  The  remaioing  minutes  and  seconds 
are  determined  by  the  reading  microscope. 

METHOD  OP  ADJUSTMENT  AND  APPUCATION  TO  PRACTICE. 

In  the  figure.  A,  A'  represents  the  microscope,  attached  to  the 
instrument  by  the  arm  7,  and  passing  through  its  support  B,  formed 
by  a  collar  embracing  it,  where  it  is  firmly  held  by  the  milled  nuts 

*  In  the  figure  aboTe,  the  ooinddenoe  takes  place  at  66*  86'  6''.  The  6''  is  put 
down  by  estioMtion,  ainoe  6'  0^,  mud  6'  10^  are  about  equally  distant  from  a  coinci- 
dence. 
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g,  ^,  scUng  OD  Bcrevs  cat  apon  the  tnbe  of  the  microscope.  TliMe 
natfl  also  serve  tlie  purpose  of  placing  tlie  instmmeDt  at  the 
proper  distance  from  the  diTisons  which  it  is  employed  to  read,  in 
order  to  obtun  distinct  vision,  and  destroy  parallax.     In  the  body 


of  the  instmment,  at  a,  the  common  focns  of  the  object  and  eye- 
glasses, are  placed  two  wires,  k  k,  I  Ij  crosang  each  othw  diagon- 
ally at  acute  uigles,  which  are  made  to  traTorse  the  field  of  view, 
backwards  or  forwards,  by  turning  the  micrometer  head  b,  whose 
axis  works  in  the  box  c  c*,  in  the  first  figure.  In  the  second  figm^ 
is  shown  the  field  of  view,  with  the  magnified  divimons  on  the  cir- 
cle, as  seen  through  the  microscope.  The  shaded  part  represents 
the  diaphragm,  with  its  cross  wires,  the  angle  between  which  may, 
by  taming  the  micrometer-screw  b,  be  bisectod  by  any  line  on  the 
circle  within  the  field  of  view,  as  is  shown  in  the  figure.  On  the 
1^  hand  of  the  diaphragm  appears  the  scale  of  minates,  from  its 
shape  called  a  comb,  in  which  each  tooth  represents  a  minnt«. 
Movable  with  the  wires  along  the  comb,  is  a  small  index  or  pointer 
«',  which  in  the  figure  b  represented  at  zero,  tbe  centre  of  the 
scale,  known  to  be  correct  when  it  bisects  the  small  hole  at  the 
back  of  the  comb,  while  at  the  same  time  the  cross  wires  bisect  a 
division.  Now  one  revolution  of  the  screw  b  moves  the  point  con- 
nected with  the  wires  over  one  tooth  of  the  comb — that  is,  over  a 
i^ace  on  the  divided  arc  of  the  drcle  equal  to  one  minute — and 
therefore  part  of  a  revolution  moves  them  only  over  a  part  of  a 
minute.  To  determine  the  value  of  this  fractioiul  part  of  a  minute 
in  seconds,  a  lai^  cylindrical  head,  e  e*,  is  attached  to  the  screw, 
having  its  exterior  circumference  divided  into  60  equal  parts, 
representing  seconds,  and  read  by  an  index  oppoute  the  eye  of  the 
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observer  at/  In  reading  off  an  angle  by  this  instrument,  observe, 
first,  the  degrees  and  nearest  five  minutes  shown  by  the  pointer  on 
the  graduated  circle,  then  this  will  be  the  true  angle,  if,  as  in  the 
figure,  a  division  on  the  graduated  circle  bisect  the  angles  of  the 
cross  wires.  But  if  the  cross  wires  be  not  thus  bisected,  read  the 
degrees  and  nearest  five  minutes  as  before,  then  apply  to  the  micro- 
scope, and,  by  turning  the  screw  b  in  the  order  of  the  numbers  upon 
the  head  e  d^  make  the  nearest  division  in  the  reverse  order  of  the 
numbers  upon  the  graduated  circle,  nicely  bisect  the  acute  angles 
formed  by  the  intersection  of  the  cross  wires ;  the  number  of  teeth 
which  the  pointer  t  has  passed  over  from  its  zero,  to  produce  such 
a  bisection,  will  be  the  number  of  minutes  to  be  added  to  the 
degrees  and  minutes  read  off  the  circle  by  the  pointer ;  and,  lastly, 
the  odd  seconds  and  estimated  tenths  to  be  added  are  taken  firom 
the  divided  head  e  e',  as  shown  by  the  index  j^  In  cases  of  great 
nicety,  the  run  of  the  microscope  may  be  taken  to  the  next 
division  in  the  direct  order  of  the  numbers  upon  the  circle,  which, 
subtracted  fi'om  five  minutes^  ought  to  give  the  same  number  of 
minutes  and  seconds  as  formerly,  to  be  added  to  the  arc  shown  by 
the  pointer  on  the  circle.  If  there  is  a  slight  discrepancy,  the 
mean  of  both  may  be  taken  and  so  applied. 

ADJUSTMENTS  OF  THE  MICROSCOPE. 

1.  To  make  the  cross  wires  in  the  focus  of  the  microscope  and 
the  divisions  on  the  circle  appear  both  at  the  same  time  distinct 
and  free  ftom  parallax,  draw  out  the  eye-piece  d^  imtil  distinct 
vision  of  the  wires  is  obtained,  and  the  divisions  on  the  instru- 
ment are  equally  well  defined  and  free  from  parallax ;  that  is, 
whether  any  motion  of  the  eye  causes  the  least  apparent  displace- 
ment of  the  wires  with  respect  to  the  graduations.  K  such  a  dancing 
motion  be  observed,  the  microscope  must  be  moved  to  or  from 
the  circle,  by  turning  the  nuts  g  ^,  easing  the  one  and  tightening 
the  other,  till  the  wires  and  graduations  appear  both  distinct,  and 
no  parallax  can  be  detected. 

2.  To  make  five  revolutions  of  the  micrometer-screw  measure  a 
five-minute  space  upon  the  graduated  circle  exactly.  If  the  run 
of  the  screw  has  been  carefrdly  adjusted  by  the  maker,  and  no 
alteration  made  in  the  body  of  the  microscope,  the  image  of  the 
space  between  two  divisions  will  be  exactly  equivalent  to  five  revo- 
lutions of  the  screw,  when  the  wires  and  divisions  are  both  seen 
distinctly.  Suppose,  for  example,  however,  that  the  microscope 
has  been  deranged,  and  the  run  is  too  great,  and  that  the  6'  space 

2g 
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on  the  arc  is  equal  to  S  5",  when  measured  by  the  micrometer, 
thus  making  the  image  too  large.  But  the  magnitude  of  the 
image  formed  bj  the  object-glass  of  the  microscope  depends 
entirely  on  the  distance  of  the  objectr-glass  from  the  limb,  and,  in 
the  ordinary  construction  of  the  microscope,  is  diminished  by  in- 
creasing the  distance  between  the  object-glass  and  the  limb,  and 
conyersely.  In  the  case  supposed,  the  image  is  too  large,  conse- 
quently the  object-glass  must  be  removed  farther  from  the  limb,  by 
turning  the  screw  at  h  inwards  in  the  direction  of  B.*  The  image 
will  not  now  be  formed  at  a,  as  it  ought  to  be,  but  nearer  to  B, 
and  distinct  vision  must  again  be  obtained  by  bringing  the  whole 
body  of  the  microscope,  by  the  screws  g  ^,  nearer  to  the  limb.  By 
a  repetition  of  two  or  three  more  cautious  attempts  in  this  way, 
five  revolutions  of  .the  screw  carrying  the  cross  wires  will  correspond 
exactly  with  the  image  of  the  space  between  two  divisions,  which, 
for  greater  security,  may  be  read  to  the  right  and  left  on  each 
side  of  zero.  The  screw  d  gives  motion  to  the  comb  or  scale  of 
minutes ;  and  the  micrometer-head,  being  adjustable  by  friction, 
can  be  made  to  read  either  zero  or  any  required  second,  when  the 
cross  wires  bisect  any  particular  division,  by  holcUng  fast  the 
milled  head  6,  and  at  the  same  time  turning  the  divided  arc  e  ef 
round  till  any  required  division,  as  zero,  coincides  with^  the  index. 

THE  TELESCOPE. 

All  instruments  now  capable  of  giving  results  possessing  the 
requisite  accuracy  are  furnished  with  one  or  more  telescopes.  The 
rays  of  light  proceeding  from  distant  objects  move  in  stndght  lines, 
unless  they  are  reflected  or  refracted  by  some  medium^  such  as 
metal,  glass,  &c.,  and  also  in  parallel  lines  nearly,  especially  if  the 
object  from  which  they  come  be  remote. 

Let  AB  represent  the  section  of  a  lens,  such  as  the  object-glaas 
of  a  telescope.  Let  the  parallel  rays  coming  from  some  distant 
object  on  the  left  beyond  C  strike 
the  glass  lens  AB,  they  will  pass 
through  it,  suffering  refraction, 
and,  on  leaving  the  lens  at  the 
opposite  side,  they  will  converge 
and  meet  in  the  straight  line  C  D 
at  a  certain  point  D,  called  the  focus  of  the  lens,  where  the  eye,  by 

*  This  IB  BonietimeB  done  by  moving  the  part  A',  wd  fixing  it  by  k. 


IN  SURYETING  AND  LEVELLING.  467 

a  little  practice  in  selecting  the  proper  distance,  will  see  an  in- 
verted image  of  the  distant  object  in  the  air.  Now,  suppose  two 
of  these  lenses  are  applied 

to   the  construction  of  a      izzg^ ^ : —  ^ 

telescope,  the  image  of  a 
distant  object  will  be 
formed  at  W,  the  focus  of 
the  object-glass  A  B,  where,  by  moving  the  eye-glass  or  lens  D  F  till 
its  focus  comes  to  the  same  point  W,  by  means  of  two  slides  GH, 
IK,  the  eye  of  the  observer  at  E  will  view  a  magnified  inverted 
image  of  the  object  formed  by  the  object-glass  AB,  with  the  eye- 
glass DF  as  a  microscope.  Since  bodi  these  lenses  are  capable  of 
motion,  they  may  always  be  moved  in  such  a  manner  that  tlieir 
foci  will  meet  exactly  at  W,  making  the  central  line  OWE  a 
straight  line,  technically  called  the  optical  axis,  or  line  of  collima- 
tion  of  the  telescope,  from  which  the  readings  in  all  mathematical 
and  astronomical  instruments  are  taken.  This  point,  W,  is  marked 
by  fine  wires,  hairs,  silk  fibres,  or  spider  lines,  fixed  to  a  circular 
perforated  piece  of  brass,  called  a  diaphragm;  and  this  is  the 
reason  why  both  glasses  must  be  moved  till  the  telescope  pro- 
duce distinct  vision,  and  the  wires  are  well  seen,  in  which  case  the 
telescope  is  said  to  have  no  parallax. 

If  this  adjustment  is  imperfect,  the  object  will,  on  moving  the 
eye  up  and  down  a  little,  start  from  the  intersection  of  the  wires, 
thus  causing  an  uncertainty  in  all  observations,  which  must  be 
instantly  corrected.  The  point  W,  or  focus  of  the  object-glass, 
varies  with  every  change  in  the  distance  of  the  object,  and  there- 
fore this  adjustment  must  be  frequently  examined,  and,  if  neces- 
sary, corrected  for  terrestrial  objects,  tibough  it  remains  constant 
for  celestial.  This  instrument  is  commonly  called  the  astronomical 
or  inverting  telescope,  because  it  wants  other  two  lenses  between 
the  object  and  eye  glasses  to  view  objects  erect  as  they  appear  to 
the  naked  eye.  They  are,  however,  almost  universally  employed 
for  astronomical  purposes,  where  it  is  less  necessary  to  see  objects 
erect,  and  because  they  appear  more  distinct,  from  a  greater  quan- 
tity of  light  being  attainable,  since  each  lens  absorbs  a  portion  of 
it.  It  is  scarcely  necessary  to  add,  that  no  attempt  at  adjustment 
should  be  made  during^  but  always  before^  an  observation. 

The  diaphragm  is  of  the  shape  of  some  one  of  the  figures  1,  2| 
or  3.  Fig.  1  is  generally  the  form  best  suited  for  the  theodolite ; 
fig.  2  for  the  i^irit-level ;  fig.  3  for  the  altitude  and  azimuth 
circle. 


use:  of  instbomekts 


A  small  notch  may  be  made  to  the  right  in  fig.  2,  for  esti- 
mating distances  hj  the  number  of  divisions  it  embraces  on  the 
leTeUing-staS*. 


The  BcrewB  in  the  urcamference  are  for  adjusting  the  line  of 
collimation  according  to  the  given  directions. 


THE  SEXTANT. 


1.  The  sextant,  aa  its  name  implies,  is  the  sixth  part  of  a  drcle, 
and  therefore  contains  really  an  arc  A  B  in  the  figure  of  nzty 
deg^-ees;  but  on  account  of  two  reflectiooB — one  at  the  index-glass 


L  G,  and  the  other  at  the  horizon-glasa  N,  as  shown  in  books  on 
optics — the  deviation  of  a  ray  of  light,  aiW  two  reflections  at  C 
and  N,  is  equal  to  twice  the  angle  between  the  reflectors ;  conse- 
quently, an  arc  of  sixty  degrees  on  the  limb  A  B  most  be  divided 
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into  one  hundred  and  twenty  equal  parts,  each  reckoned  a  degree ; 
80  that  the  real  angle  between  two  given  objects,  when  brought  in 
contact,  may  be  read  by  the  index  of  this  instrument. 

2.  The  best  instruments  are  commonly  made  of  metal.  The 
frame  consists  of  a  metal  of  a  hard  composition,  generally  called 
gun-metal ;  the  index  C  D  and  limb  A  B  are  of  brass ;  the  handle 
£  is  alone  made  of  wood,  and  attached  to  the  back,  by  which, 
when  an  observation  is  made,  it  is  held  with  one  hand,  while  the 
other  is  employed  to  regulate  the  motion  of  the  index. 

The  arc  on  the  limb,  as  well  as  the  vernier,  in  fine  instruments, 
is  divided  on  a  ring  of  silver,  gold,  or  platina,  to  prevent  the 
tarnish  arising  from  the  action  of  the  atmosphere. 

3.  In  good  instruments,  a  degree  on  the  limb  A  B  is  commonly 
divided,  as  shown  in  the  figure,  vernier^  into  six  equal  parts,  each 
containing  ICV,  and  each  minute  on  the  vernier  above  D  also  into 
six  equal  parts,  whence  it  reads  to  lO*. 

In  many,  the  degree  is  divided  into  four  equal  parts,  each  of  15', 
and  the  vernier  shows  15*. 

The  smaller  class  have  the  degree  divided  into  three  equal  parts, 
each  of  20,  and  the  vernier  shows  20". 

4.  That  end  of  the  index  next  the  limb  at  D  is  furnished  with 
an  adjusting,  or,  from  its  position  in  reference  to  the  limb,  a  tan- 
gent screw,  F,  by  which  the  index,  when  clamped  to  the  limb  by 
a  screw  behind  D,  is  moved  slowly  and  regularly,  whence  the 
contact  of  two  objects  may  be  made  as  perfect  as  the  eye  is  able 
to  accomplish,  when  assisted  with  one  of  the  telescopes,  O,  accom* 
panying  the  instrument. 

The  arc  on  the  instrument  is  then  read  from  the  vernier  by  the 
assistance  of  the  movable  magnifying  lens  at  M  turning  on  its 
axis,  round  which  is  placed  a  reflector,  to  throw  the  requisite  light 
from  a  lamp,  in  night  observations. 

The  sextant,  and  many  octants,  or,  as  they  are  commonly  called, 
quadrants,  are  not  now  fitted  up  for  the  back  observation,  and  in 
some  the  horizon-glass  is  incapable  of  adjustment.  In  this  case  it 
is  indispensable  to  determine  the  index  error. 

5.  One  set  of  coloured  glasses,  generally  four  in  nmnber,  are 
placed  at  Q,  three  being  tinged  red  of  d^erent  tints  of  colour, 
and  one  green,  of  which  one  or  any  combination  are  turned  on  an 
axis  when  placed  between  the  index  and  horizon  glasses. 

The  other  set,  consisting  commonly  of  three,  two  red  and  one 
green,  placed  at  P  behind  the  horizon-glass  N,  any  one  or  more 
of  which  may,  as  before,  be  turned  behind  it,  when  observing  the 
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Sim's  altitude,  bj  reflection  from  a  basin  of  water  or  mercaiy  at 
land,  or  determining  the  index  error  bj  measuring  the  smi's  dia- 
meter at  right  and  left  of  zero  on  the  limb. 

There  is  also  one  or  more  coloured  glasses  that  may  be  screwed 
on  the  eye-end  of  the  telescope  for  the  same  purpose,  and  less 
liable  to  vitiate  the  result  by  errors  arising  from  a  want  of 
parallelism  in  the  planes  of  the  former,  that  by  the  position  is  not 
affected  by  the  latter. 

6.  There  are  generally  two  telescopes  belonging  to  the  sextant, 
one  of  which  is  of  the  common  astronomical  construction,  showing 
objects  inverted,  and  another  showing  them  in  their  natural  posi- 
tion. To  accommodate  less  experienced  observers,  a  plain  tube, 
without  any  glasses,  also  accompanies  this  instrument. 

The  tube  or  either  telescope,  O,  is  screwed  into  a  ring,  as  shown 
in  the  figure,  which  is  connected  with  another  ring  by  means  of 
screws,  in  such  a  manner  as  to  raise  or  lower  the  telescope  in  order 
that  it  may  be  directed  to  a  proper  part  of  the  horizon-glass,  while 
at  the  same  time  the  line  of  sight  or  colltmatian  may  be  made 
parallel  to  the  plane  of  the  sextant,  by  which  means  the  contact  of 
any  two  objects  may  be  more  accurately  observed. 

7.  The  arc  has  been  extended  to  the  whole  circumference,  and 
divided  into  720  equal  parts,  from  the  principle  of  double  reflection 
already  explained,  each  being  estimated  a  degree.  These  have 
been  constructed  in  different  forms,  as  those  of  Mayer,  Borda, 
Troughton,  Hassler,  DoUond,  &c. ;  and  from  being  complete  circles, 
called  Rejkciing  Ctrdesy  each  having  its  peculiar  advantage,  give 
on  the  whole  more  accurate  results. 

ADJUSTMENTS  OP  THE  SEXTANT. 

The  adjustments  of  the  sextant  are  to  set  the  index  and  horizon 
glasses  perpendicular  to  its  plane,  and  parallel  to  one  another,  when 
the  index  is  at  zero  on  the  limb,  and  to  rectify  the  line  of  colli- 
mation,  by  rendering  the  optical  axis  of  the  telescope  parallel  to 
the  plane  of  the  instrument. 

The  deviation  of  each  of  these  from  its  true  position  may  be 
found,  and  the  resulting  error  of  observation  computed,  but  it  will 
be  found  convenient  to  have  the  instrument  as  correctly  adjusted 
as  possible. 

1.  To  86$  the  index-glass  perpendicular  to  the  plane  of  the 
sextant. 

Move  the  index  towards  the  middle  of  the  limb,  and  hold  the 
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plane  of  the  instrument  nearly  parallel  to  the  horizon,  placing  the 
index-glass  near  the  eye-end,  and  the  limb  from  the  observer. 
Direct  the  sight  obliquely  towards  the  silvered  part  of  the  horizon- 
glass  ;  then,  if  the  direct  and  reflected  limb  appear  to  be  exactly  in 
the  same  plane,  that  glass  is  perpendicular  to  the  plane  of  the 
instrument.  If  not,  turn  the  screws  in*the  projecting  plate  behind 
the  speculum  till  they  are  so,  and  then  the  index-glass  will  be 
adjusted. 

2.  To  set  the  horizon- glass  perpendicular  to  the  plane  of  the 
sextant. 

The  index-glass  being  now  adjusted,  set  the  first  division  on  the 
index  to  the  first  on  the  limb,  or  0''  to  O,  and  hold  the  plane  of 
the  instrument  in  a  horizontal  position;  then  direct  the  sight 
through  the  eye-vane  to  the  horizon-glass,  and  if  the  direct  and 
reflected  horizons  are  apparently  in  the  same  straight  line,  that 
glass  is  also  perpendicular  to  the  plane  of  the  sextant.  If  not^  turn 
the  adjusting  screw  of  the  horizon-glass,  at  the  back  of  the  instru-' 
ment,  till  the  coincidence  is  perfect. 

3.  To  set  the  hariean-glass  parallel  to  the  index^lass  when  the 
index  is  at  zero. 

Set  the  first  division  on  the  vernier  to  zero  on  the  limb,  or  C 
to  O'' ;  fasten  the  index  in  this  position  by  the  clamping  screw 
behind  the  index,  and  make  the  coincidence  perfect  by  the  tangent 
screw  at  its  extremity,  the  eye  being  assisted  by  the  magnifying 
lens ;  screw  the  telescope  into  its  support,  and  turn  the  adjusting 
screw  at  the  back  of  the  instrument  till  the  field  of  the  telescope 
is  bisected  by  the  line  which  separates  the  silvered  and  transparent 
portions  of  die  horizon-glass.  Now,  hold  the  plane  of  the  sextant 
vertically,  direct  the  sight  to  the  horizon  or  other  well-defined 
distant  object,  and  make  the  direct  and  reflected  objects  coincide, 
by  the  screws  in  the  frame  of  the  horizon-glass  for  that  purpose, 
and  it  will  then  be  parallel  to  the  index-glass  at  zero. 

If,  after  this  adjustment  is  accomplished,  at  least  approximately, 
it  does  not  appear  perfect,  it  will  be  necessary  to  determine  the 
index  error. 

This  error  is  found  by  measuring  the  sun^s  or  moon's  diameter 
twice  with  a  motion  of  the  index,  in  contrary  directions,  on  both 
sides  of  zero. 

As  all  materials  are  liable  to  bend  by  pressure,  it  will  be  advisable 
to  finish  the  motion  of  the  index  on  both  sides  of  zero,  by  the 
tangent  screw,  in  the  same  direction,  to  avoid  errors  from  this 
cause  both  in  determining  the  index  error  and  making  observa- 


V. 
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tions.  If  both  measures  are  taken  either  to  the  right  or  to  the 
left  of  0  on  the  limb,  half  their  smn  will  be  the  index  error,  and 
is  additive  or  subtractive  accordmgly.  But  if  one  of  the  measures 
is  taken  to  the  right  and  the  other  to  the  left  of  o,  which  is  the 
more  common  case,  half  their  diffBrence  will  be  the  index  error, 
and  is  additive  when  the  measure  to  the  right  exceeds  that  to  the 
left — otherwise,  subtractive  when  the  measure  to  the  left  exceeds 
that  to  the  right. 

Also,  in  the  latter  case,  one-fourth  of  the  sum  will  be  the  semi- 
diameter. 

When  altitudes  are  taken  at  land  by  the  method  of  reflection 
from  a  basin  of  water  or  mercury,  the  index  error  mnst  be  applied 
to  the  arc  read  fi'om  the  limb  before  taking  the  half  for  the  ob- 
served angle  or  arc. 

4.  To  nudee  the  line  cf  coUimaJtion^  or  optical  axis  of  the  teUsoope^ 
paraMel  to  the  plane  of  the  sextant. 

Turn  the  eye-end  of  the  telescope  round  till  one  pair  of  parallel 
wires  is  placed  parallel  to  the  plane  of  the  instrument,  and  let 
two  distant  objects  be  selected,  such  as  two  stars  of  the  first  mag- 
nitude, whose  distance  is  not  less  than  90^  or  100^;  move  the 
index  till  the  coincidence  of  these  objects  is  as  perfect  as  possible 
at  the  wire  nearest  the  plane  of  the  instrument;  move  the  instru- 
ment till  the  objects  are  at  the  other  wire ;  and  if  the  objects  are 
stiU  in  contact,  the  axis  is  parallel  to  the  plane  of  the  instrument. 
K  the  objects  are  either  apparently  separated,  or  pass  each  other, 
correct  half  the  error  by  the  screws  in  the  circular  part  of  the 
support,  one  of  which  is  above  and  the  other  below  the  telescope. 
Now  turn  the  tangent  screw  till  the  objects  are  in  contact.  Exa- 
mine the  coincidence  at  both  wires,  and  if  it  is  perfect,  the  adjust- 
ment is  complete;  if  not,  proceed  as  before  till  the  contact  is 
perfect  at  both  wires,  when  the  instrument  is  in  a  state  fit  for 
observation.  It  is  used,  as  described  in  bringing  any  two  objects 
together  by  reflection,  as  in  the  above  adjustment,  by  making  the 
plane  of  the  sextant  pass  through  the  eye  of  the  observer  and  the 
two  objects  observed  at  the  same  time,  then  moving  the  index, 
assisted  by  the  clamping  and  tangent  screws,  till  as  perfect  a  coin- 
cidence is  made  as  can  be  distinguished  by  the  power  of  the 
elescope. 

The  prices  of  metal  sextants  vary  ft*om  £10  to  £20,  according 
to  size  and  workmanship. 


IN  SURTEIIHO  AHD  LEYBLLINQ. 
THE  THEODOLITE .• 


Of  all  angular  bBtruments,  the  theodolite,  properly  constructed, 
is  that  best  suited  to  the  purposes  of  the  surrejor.     It  has  been 


formed  oq  a  great  variety  of  plana,  but  that  most  tipproTed  for 
general  purposes  is  the  five-inch  theodolite,  divided  by  one  or  two 
verniers  to  minntes  m  both  the  horizonttd  and  vertical  arcs.  It 
would  be  an  improvement,  for  nice  purposes,  if  the  vertical  arc 
were  an  entire  circle,  having  the  telescope  passing  through  its 
centre,  and  capable  of  revernon  like  the  common  portable  astro- 
nomical drcle,  though  this  is  perhaps  unnecessary  for  the  ordinary 
practice  of  a  common  land-enrveyor. 
*  Fiiotfl :— Beat,  Btb  inches  in  diameter,  £25.   Best,  uz  Incli,  divided  to  SO',  £30. 
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DESCRIPTIOK. 

The  instrument  consists  of  an  under  circular  plate  divided  com- 
monly into  degrees  and  half-degrees,  usually  called  the  horizontal 
limb  at  A  A,  on  which  an  upper  circular  plate,  called  the  vernier- 
plate,  turns  freely,  that  by  means  of  one  or  two  verniers,  E,  sub- 
divides the  half-degrees  on  the  lower  into  minutes.  Both  plates 
have  an  easy  though  steady  motion  round  the  axis,  which,  for 
that  purpose,  is  slightly  conical.  The  internal  centre  also  fits  into 
a  ball  working  within  a  socket  at  D,  and  the  parts  are  held  together 
by  an  internal  screw  at  the  lower  end  of  the  axis,  within  the  tripod 
formed  by  the  legs. 

The  diameter  of  the  lower  plate  is  a  little  greater  than  that  of 
the  upper,  and  its  exterior  edge  is  cut  off  in  a  plane  inclined  to 
the  axis,  which  is  technically  called  chamfered,  and  in  the  best 
instruments  is  covered  with  silver ^  to  receive  the  graduations,  being 
less  liable  to  become  obscure  by  the  action  of  the  atmosphere  than 
the  metal  of  which  the  plates  are  made.  On  the  opposite  ends  of 
an  imaginary  diameter,  at  the  distance  of  180^  from  each  other,  a 
small  space,  E,  is  also  chamfered  and  covered  with  silver,  forming, 
with  the  edge  of  the  lower  plate,  a  continued  inclined  plane,  on 
which  the  proper  divisions  being  cut  constitute  the  verniers. 
When  the  Ibwer  limb  is  graduated  to  thirty  minutes,  the  vernier 
has  a  space  equal  to  twenty-nine  of  them  divided  into  thirty,  and 
each,  consequently,  reads  to  minutes,  which,  by  means  of  a  micro- 
scope, either  attached  or  detached,  may  by  estimation,  when 
thought  necessary,  be  carried  to  thirty  or  even  twenty  seconds. 
For  fine  purposes,  the  degree  is  divided  into  three  equal  pairts, 
each  of  twenty  minutes,  and,  on  the  vernier-plate,  a  space  equal  to 
fifty-nine  of  these  being  divided  into  sixty,  then  this  vernier  indi- 
cates twenty  seconds. 

The  two  parallel  plates  under  the  graduated  limb  at  F  and  6 
are  held  together  by  a  ball  and  socket  at  D,  and  are  set  firm  by 
four  milled-headed  screws  H,  H,  H,  H,  which  turn  in  sockets  fixed 
to  the  lower  plate,  while  their  heads  press  against  the  under  dde 
of  the  upper,  thus,  acting  on  the  vertical  axis  by  means  of  the  ball 
and  socket,  render  the  horizontal  and  vernier  plates  truly  level 
when  the  instrument  is  prepared  for  observation. 

Beneath  these  parallel  plates  is  a  female  screw,  within  which 
the  male  screw  lays  hold  of  the  axis,  and  keeps  it  firmly  to  the 
stand.  The  lower  parallel  plate  is  connected  by  brass  joints  to 
three  mahogany  legs,  having  their  lower  ends  pointed  with  metal. 
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for  entering  the  ground,  and  freqaently  so  conBtructed,  that,  when 
shut  up,  they  form  one  round  staff,  secured  in  that  form  for  carriage 
by  rings  placed  upon  them.  When  the  legs  are  opened  out  they 
make  a  firm  stand,  however  uneven  the  ground  may  be.  Some- 
times the  legs  are  round  or  cylindrical,  and  formed  of  two  parts, 
which  unscrew  for  packing  in  a  box,  to  facilitate  their  carriage 
when  travelling.  In  this  case,  shods  should  be  prepared  to  screw 
on  the  upper  half,  to  be  used  when  any  nice  observations  are  to  be 
made  requiring  great  steadiness  in  the  stand. 

The  lower  horizontal  liiQb  can  be  fixed  in  any  given  position  by 
the  clamping-screw  I,  which  causes  the  collar  K  to  embrace  the 
axis  C,  and  prevent  it  moving.  It  is  generally  necessary  that  the 
telescope  should  be  fixed  in  some  precise  position,  more  exactly 
than  it  can  be  by  the  hand  alone.  For  this  purpose,  it  is  first 
made  nearly  correct  by  the  hand,  the  parallel  plates  being  pre- 
viously clamped  with  the  verniers,  and  by  the  tangent-screw 
accurately  set  to  the  given  positions,  as  zero  and  180°;  then  the 
instrument  is  moved  a  small  quantity,  by  turning  the  slow-motion 
screw  L,  attached  to  the  upper  parallel  plate,  till  the  direction  of 
the  cross-wires  of  the  telescope  is  perfected.  In  a  similar  manner, 
the  upper  or  vernier  plate  being  now  released,  the  telescope  may 
again  be  placed  upon  any  other  object  whose  angular  distance  from 
the  first  is  required,  which,  by  the  clamping  and  tangent  screws, 
may  be  rendered  perfect  as  before,  and  the  angle  shown  by  the 
verniers  must  now  be  read  and  recorded.  Before  proceeding  to 
measure  the  horizontal  and  vertical  angles,  the  parallel  plates 
carrying  the  divisions  and  verniers  must  be  made  perfectly  hori- 
zontal by  two  spirit-levels  N  N,  placed  at  right  angles  to  each 
other,  and  rectified  by  their  adjusting  screws  for  this  purpose. 
Upon  the  vernier-plate,  too,  is  commonly  placed  a  compass  between 
the  levels,  for  the  purpose  of  taking  magnetic  bearings.* 

The  vertical  frames  Q  Q  support  the  pivots  of  the  horizontal 
axis  of  the  vertical  arc  P  Y  P,  on  which  the  telescope  is  placed. 
There  is  sometimes  an  arm  canying  a  microscope  for  reading  the 
altitudes  and  depressions  measured  by  this  arc,  and  determined  by 
the  vernier  V,  which  has  a  motion  of  several  degrees,  so  as  to  be 
placed  opposite  the  divisions  of  coincidence.     There  are,  on  this 

*  In  the  older  theodolites  the  moyements  of  the  arcs  were  accoxnpluhed  hy  racks 
and  pinions  instead  of  clamping  and  tangent  screws,  as  alluded  to  occasionally 
in  previous  parts  of  this  work.  These,  however,  are  now  almost  entirely  super- 
seded by  the  clamping  and  tangent  screws  as  being  more  accurate  and  con- 
venient. 
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vernier,  two  sets  of  divisions  reading  in  opposite  directions,  of 
which  the  upper  reads  elevations,  and  the  lower  depressions. 

Another  screw  S  clamps  the  end  of  the  horizontal  axis  seen  at 
Q,  while  a  slow-motion  or  tangent-screw,  T,  moves  the  verdcal 
arc  and  telescope,  till  a  perfect  observation  be  made.  One  side  of 
the  vertical  arc  is  inlaid  with  silver,  and  is  divided  into  single 
minutes,  or  lower,  with  the  assistance  of  its  vernier.  On  the  other 
side  there  are  sometimes  placed  divisions,  to  show  the  difference 
between  the  hypotenuse  and  base  of  a  right-angled  triangle,  the 
hypotenuse  being  100,  or,  which  conies  to  the  same  thing,  the 
number  of  links  to  be  deducted  from  each  chain's  length  in  mea- 
suring up  or  down  an  inclined  plane,  to  reduce  it  to  the  horizontal 
measure.  K  the  angle  of  elevation  and  depression  be  taken,  these 
afford  data  to  take  this  reduction  more  accurately,  from  a  table 
calculated  expressly  for  this  purpose,  or  the  deduction  may  be 
readily  made  by  a  table  of  natural  versed  sines.  The  level  which 
is  shown  at  N',  imder  and  parallel  to  the  telescope,  is  attached  to  it 
at  one  end  by  a  joint,  and  at  the  other  by  a  capstan-headed  screw, 
and  will  permit  the  level  to  be  placed  parallel  to  the  optical  axis 
of  the  telescope,  commonly  called  the  line  of  coUtmation,  The 
screw  at  the  opposite  end  is  employed  to  adjust  it  laterally,  so  that 
it  may  be  placed  parallel  to  the  axis  also  in  a  vertical  plane.  In 
this  way  the  level  is  placed  parallel  to  the  axis  of  vision,  both 
horizontally  and  vertically.  The  telescope  has  two  collars  or  rings 
of  gun-metal,  ground  truly  cylindrical,  on  which  it  rests  on  its 
supports  X  X,  called  Ys,  from  their  resemblance  to  that  letter,  and 
it  is  confined  in  its  place  by  the  clips  Z  Z,  which  may  be  opened 
by  removing  the  pins  Y  Y,  for  the  purpose  of  reversing  the  tele- 
scope in  double  observations,  when  great  accuracy  is  required. 
These  pins  should,  to  prevent  loss,  be  secured  by  silk  strings  con- 
necting them  with  the  frame. 

In  *he  focus  of  the  eye-glass  are  frequently  placed  three  fine 
wires  or  lines  of  spider-web,  one  horizontal  and  two  crossing  it  nearly 
vertically,  making  with  each  other  a  small  or  acute  angle.  This 
method  of  fixing  the  wires  is  preferable  to  having  one  horizontal 
and  another  vertical,  crossing  one  another  at  right  angles,  as  is 
commonly  the  case,  especially  for  horizontal  angles,  because  a  dis- 
tant object  can  be  made  to  bisect  the  small  angle  between  the 
vertical  wires  with  more  certainty  than  the  object  can  be  bisected 
by  the  vertical  wire.  For  many  astronomical  purposes,  however, 
the  second  method  is  preferable ;  and  for  making  observations  on 
the  sun,  one  or  two  coloured  glasses  should  be  provided,  to  be  fitted 
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on  the  eye-end  of  the  telescope.  The  screws  for  adjusting  the 
cross-wires  are  shown  near  the  eye-end  of  the  telescope  at  a,  a,  a,  a, 
of  which  there  ^re  four,  equidistant  from  each  other.  Hence  the 
imaginary  line  joining  any  two  opposite  screws  is  at  right  angles 
to  the  line  joining  the  other  two ;  so  that,  hy  first  easing  the  one, 
and  then  tightening  the  other  opposite  to  it,  the  intersection  of  the 
cross-wires  may  be  readily  adjusted.  The  object-glass,  o,  is  moved 
by  turning  the  milled-head  i,  on  the  side  of  the  telescope,  till  the 
object  is  seen  well  defined ;  while  a  corresponding  motion  is  given 
to  the  eye-glass,  6,  by  moving  it  with  the  hand  in  its  slide  till  the 
wires  are  seen  equally  distinct,  which  will  easily  be  effected  in  one 
or  two  trials.  The  reason  and  effects  of  this  process  will  be  readily 
comprehended  by  consulting  the  description  of  the  figure,  p.  467, 
though  the  arrangement  there  is  somewhat  different. 

A  brass  plummet  and  line  are  also  packed  in  the  box  with  the 
theodolite,  to  be  suspended  from  a  hook  truly  under  the  centre  of 
motion  of  the  horizontal  arc,  by  which  it  can  be  placed  exactly  over 
the  station  whence  the  observations  are  taken,  an  operation  ,to  be 
carefully  performed  in  all  fine  work,  otherwise  considerable  errors 
may  arise,  and  surveys  cannot  close  accurately.  If  required,  two 
extra  eye-pieces  are  furnished  for  the  telescope,  to  be  used  in  astro- 
nomical observations.  The  one  inverts  the  object,  has  a  greater 
magnifying  power,  but,  with  fewer  lenses,  possesses  more  light. 
The  other  is  a  diagonal  eye-piece,  which,  without  inconvenience, 
will  enable  an  observer  to  see  objects  having  a  considerable  altitude. 
A  small  cap,  containing  a  dark-coloured  glass,  is  made  to  apply  to 
the  eye-end  of  the  telescope,  or  to  either  of  the  preceding  lenses,  to 
screen  the  eye  of  the  observer  from  the  effects  of  the  sun's  rays, 
when  that  object  is  observed.  A  magnifying-glass,  a  screw-driver, 
and  a  steel-pin  to  turn  the  capstan-screws  for  adjustments,  are  also 
furnished  with  the  instrument.  In  some  theodolites,  the  telescope 
passes  through  the  horizontal  axis,  the  supports  are  made  sufficiently 
high  to  allow  the  telescope  to  pass  under  them  when  the  instrument 
is  reversed  in  azimuth,  and  it  then  becomes  an  astronomical  altitude 
and  azimuth  circle.  With  these  additions,  a  well-made  theodolite 
may  perform  most  of  the  problems  in  practical  astronomy  with 
considerable  accuracy,  though  such  an  instrument  would  be  rather 
too  good  for  the  usual  purposes  of  surveying,  which  may  be  very 
well  effected  by  an  inferior  instrument. 

ADJUSTMENTS. 

1.  The  first  adjustment  is  to  make  the  intersection  of  the  cross- 
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wires  coindde  with  the  axis  of  the  cylindrical  rings  on  whidi  the 
telescope  turns,  called  rectifying  the  line  of  coUinuUian.  This  is 
known  to  be  correct  when  the  eje,  looking  through  the  telescope, 
observes  the  intersection  of  the  wires  continue  on  the  same  point  of 
a  well-defined  distant  object  during  an  entire  revolution  of  the  tube 
of  the  telescope  in  the  Ys.  First  make  the  intersection  of  the  wires, 
when  the  level  is  under  the  telescope,  coincide  with  some  well-defined 
distant  object ;  then  tiun  the  telescope  half  round  in  its  Ys  till  the 
level  lies  above  it ;  and  if  the  same  point  is  still  cut  by  the  inter- 
section of  the  wires,  the  adjustment  is  correct  in  that  position.  If 
not,  move  the  wire  one-half  the  deviation,  by  turning  two  of  the 
opposite  screws  at  a  a,  taking  care  to  release  one  before  tightening 
the  other,  and  correct  the  other  half  by  elevating  or  depressing  the 
telescope.  Proceed  in  like  manner  with  the  other  position,  by 
placing  the  level  alternately  on  the  right  and  left. 

Now  if  the  coincidence  of  the  cross-wires  with  the  mark  remains 
exact  during  a  complete  revolution  of  the  telescope  in  the  Ys,  the 
line  of  collimation  is  correct ;  if  not,  the  same  operations  must  be 
repeated  till  it  is  so. 

2.  The  second  adjustment  is  that  which  places  the  level  attached 
to  the  telescope  parallel  to  the  rectified  line  of  collimation.  The 
clips  Z  Z,  being  open,  and  the  vertical  arc  PVP  clamped,  bring  the 
air-bubble,  N',  of  the  level  to  the  centre  of  its  glass-tube  by  turning 
the  tangent-screw  T ;  when  this  is  done,  reverse  the  telescope  in 
the  Ys,  that  is,  turn  it  end  for  end  very  carefully,  so  as  not  to  dis- 
turb the  vertical  arc ;  then,  if  the  bubble  resume  its  former  position 
in  the  middle  of  the  tube,  all  is  right ;  but  if  it  rises  to  one  end, 
bring  it  back  one-half  by  the  screw  towards  the  eye-end  of  the 
telescope  in  the  figure,  which  elevates  or  depresses  that  end  of  the 
level,  and  the  other  half  by  the  tangent-screw  T ;  and  this  process 
must  be  repeated  till  the  adjustment  is  perfect.  To  make  it  com- 
pletely so,  the  level  should  be  adjusted  laterally,  that  the  bubble  may 
remain  in  the  middle  of  the  tube  when  slightly  inclined  to  either 
side  of  its  usual  position  under  the  telescope.  This  is  efiected  by 
giving  the  level  such  an  inclination ;  and  if  the  bubble  does  not 
continue  still  in  the  middle,  it  is  necessary  to  make  it  do  so  by 
turning  the  two  lateral  screws  in  the  end  of  the  level  next  the  eye. 
If,  in  making  the  lateral  adjustment,  the  former  should  be  derangn^, 
the  whole  operation  must  be  carefully  repeated. 

3.  The  third  adjustment  is  that  which  makes  the  axis  of  the 
horizontal  limb,  or  the  azimuthal  axis,  truly  vertical.  Set  the 
instrument,  by  the  eye,  as  nearly  level  as  possible ;  fasten  the  centre 
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of  the  lower  horizontal  limb  by  tightening  the  staff-head  bj  the 
clamp  I,  while  the  upper  limb  is  at  liberty  to  be  moved  till  the 
telescope  is  over  two  of  the  parallel  plate-screws ;  when  in  this 
position,  bring  the  babble  of  the  level  under  the  telescope  to  the 
middle  of  its  tube  by  the  screw  T ;  now  turn  the  upper  limb,  or 
vernier-plate,  half  round,  that  is,  through  180*  from  its  former 
position,  then,  if  the  bubble  returns  to  the  middle  of  its  tube,  the 
limb  is  horizontal  in  that  direction ;  but  if  not,  half  the  difference 
must  be  corrected  by  the  parallel  plate-screws  over  which  the 
telescope  lies,  and  the'  other  half  by  elevating  or  depressing  the 
telescope  from  turning  the  tangent-screw  T,  of  the  vertical  arc. 
When  this  is  effected,  turn  the  upper  limb  90'  from  its  present 
position,  either  forward  or  back,  that  the  telescope  may  lie  over  the 
other  two  parallel  plate-screws,  and  from  their  motion  set  it  hori- 
zontal by  means  of  its  level.  Having  now  levelled  the  limb-plates 
by  means  of  the  telescope's  level,  which  is  commonly  the  most 
sensible  upon  the  instrument,  the  air-bubbles  of  the  levels  fixed  upon 
the  vernier-plate  may  be  brought  to  the  middle  of  their  tubes  by 
the  screws  which  fasten  them  to  their  places. 

4.  The  fourth  adjustment  is  that  which  brings  the  zero  of  the 
vernier  of  the  vertical  arc  to  zero  on  the  limb.  When  all  the  pre- 
ceding adjustments  are  perfect,  if  zero  on  the  vernier  does  not 
coincide  with  zero  on  the  arc,  the  deviation  must  be  rectified  by 
releasing  the  screws  by  which  the  vernier  is  held,  and  then  tight- 
ening them  after  having  made  the  proper  adjustment.  As  this  is 
an  operation  difficult  to  be  performed  accurately,  it  will  be  perhaps 
better  to  call  the  quantity  of  deviation  an  index  error ^  to  be  applied 
accordmg  to  its  sign,  which  must  be  carefrilly  noted.  This  index- 
error  is  best  determined  by  repeating  the  observation  of  an  altitude, 
or  depression  in  reversed  positions  of  the  telescope  and  vernier- 
plate,  then  half  the  difference  will  be  the  error ;  or  half  the  sum 
of  the  observed  altitudes  or  depressions  before  and  after  reversing 
the  telescope,  will  be  the  true  angle  independent  of  index-error. 

THE  METHOD  OP  OBSERVING  WITH  THE  THEODOLITE. 

The  instrument  being  placed,  by  means  of  its  plumb-line,  ex- 
actly over  the  station  whence  the  angles  are  to  be  taken,  and  set 
level  by  the  parallel  plate-screws,  then,  by  the  clamping  and  tan- 
gent screws,  set  the  vernier  A  exactly  to  zero,  and  B  to  180**,  or 
as  near  it  as  the  construction  of  the  instrument  will  permit ;  read 
off  the  verniers,  and  note  them  in  a  book  for  that  purpose.  Turn 
the  telescope  by  hand  till  it  is  nearly  on  the  left  hand  object  by  a 
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motion  of  the  head  of  the  instrument  fixed  in  one  piece,  ronnd  the 
lower  axis  C,  tighten  the  clamping-screw  I,  and  with  the  tangent- 
screw  L,  make  the  intersection  of  die  wires  nicelj  bisect  the  object 
Now  release  the  upper  plate,  and  move  it  round  by  hand  till  the 
telescope  is  directed  to  the  second  object,  whose  ang^ular  distance 
from  the  first  is  required ;  then  clamping  it  with  the  screw  M, 
make,  with  its  tangent-screw,  adjacent  to  it,  the  cross  wires  bisect 
this  object  correctly,  and  read  off  the  two  verniers  as  before,  the 
difference  between  the  first  and  second  means  will  be  the  true 
horizontal  angle  required ;  thus. 


First  Beading. 


Second  Reading. 


Vernier  A 
B 

Ist  snm 
l8t  half 


0 
0 


0    0 
0  30 


0    0  30 
0    0  15 


Vernier  A 
B 

2d  snm 

2d  half 
1st  half 


61  45  30 
46  20 

11  50 

61  45  55 
— 0  0  15 


Difference  or  tme  angle       .        .        61  45  40 

By  means  of  the  motion  of  the  lower  horizontal  plate  about  the 
vertical  axis,  any  angle  required  with  great  accuracy  may  have  its 
value  repeated  as  often  as  we  please,  and  the  amount  of  the  whole, 
divided  by  the  number  of  repetitions,  will  give  the  simple  value, 
almost  independent  of  errors  of  construction  and  dividing.  To 
repeat  an  angle,  therefore,  after  making  the  second  bisection  as 
directed  above,  let  the  upper  plate  remain  damped  to  the  lower, 
while  the  clamp  of  the  axis  is  released.  Now  move  the  whole 
head  of  the  instrument  by  hand  round  upon  the  lower  axis  toward 
the  first  object,  placing  the  cross  wires  in  contact  with  it,  and  make, 
as  at  first,  the  bisection  perfect  with  the  lower  tangent-screw. 
Leaving  the  instrument  in  this  position,  release  the  upper  or  ver- 
nier plate,  turn  the  telescope  towards  the  second  object  as  formerly, 
and  bisect  it  nicely  with  the  aid  of  the  upper  clamping  and  tangent 
screws.  This  operation  completes  one  repetition ;  and  when  the 
observation  is  read  off  and  compared  with  the  preparatoiy  reading 
of  the  verniers,  the  difference  will  be  twice  the  real  angle. 


Vernier  A 
B 


Half  the  snm  or  mean 
First  reading     . 


Difference  eqnal  to  twice  the  arc 
Half  or  simple  value 


123  31  30 
32    0 

123  31  45 
.    0    0  15 

123  31  30 
61  45  45 


IN  SURVEYING  AND  LEVELLING.  481 

The  correct  angle  from  one  repetition,  and  this  process  may  be 
carried  as  far  as  five  or  ten  times,  if  thought  necessary,  taking  al- 
ways care  to  read  the  first  observation,  and  record  it,  so  that  when 
the  last  division  is  performed,  as  many  circumferences  of  360''  may 
be  first  added  as  will  render  the  quotient  nearly  the  same,  within 
a  few  seconds,  as  the  first  observation  already  recorded.  When 
the  art  of  constructing  and  dividing  instruments  was  less  perfect 
than  at  present,  considerable  advantage  resulted  from  this  repeti- 
tion, though  now  little,  in  ordinary  cases,  will  be  obtained.  Some- 
times a  telescope,  capable  of  motion  horizontally  and  vertically, 
is  placed  under  the  parallel  plates  as  A'  B',  in  the  figure,  page  87, 
of  which  the  intersection  of  the  cross  wires  is  clamped  upon  a  fixed 
object,  to  detect  any  movemsnt  of  the  instrument  during  the  time 
of  observation,  should  it  occur,  either  from  an  unsteady  support 
or  undue  pressure  on  the  part  of  the  observer. 

The  magnetic  bearing  of  an  object  is  taken  by  reading  the  angle 
pointed  out  by  the  compass-needle  when  the  object  is  bisected  by 
the  telescope,  recollecting  that  the  north  end  of  that  needle  is  in- 
dicated by  a  notch  or  small  brass  pin  passing  through  it  horizon- 
tally;  and  in  the  usual  construction  of  the  instrument,  the  south  end 
is  generally  that  read,  though,  for  greater  accuracy,  the  mean 
of  both  may  be  taken. 

The  bearing  may  be  obtained  a  little  more  accurately  by  clamp- 
ing the  lower  plate,  then  by  moving  the  upper  plate  till  the  needle 
reads  zero,  at  the  same  time  reading  the  horizontal  limb ;  now,  by 
turning  the  upper  plate  about,  bisect  the  object  and  read  again: 
the  difierence  of  these  two  readings  will  be  the  bearing  required. 

In  determining  the  variation  by  the  theodolite-compass,  it  would 
contribute  to  accuracy  by  destroying  the  errors  of  centring  of  the 
needle,  to  observe  two  objects  whose  azimuths  had  been  accurately 
found  astronomically  hoihfarv>ard  and  hdckward. 

In  taking  angles  of  elevation  or  depression,  it  may  be  added  that 
the  object  must  be  bisected  by  the  horizontal  wire,  or  more  accu- 
rately by  the  intersection  of  the  wires.  In  cases  requiring  great 
accuracy,  after  an  observation  is  made  with  the  telescope  in  its 
usual  position,  it  may  be  reversed  in  the  Ts — that  is,  turned  end 
for  end,  and  the  same  observations  repeated,  and  a  mean  of  the 
whole  taken  for  the  true  value. 

The  proof  of  the  accuracy  of  a  number  of  horizontal  angles 
taken  completely  round  one  point  or  station,  is  that  their  sum 
should  be  exactly  360^. 

If  all  the  angles  of  a  plane  triangle  be  measured,  their  sum  ought 

2h 
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to  be  180"* ;  of  those  of  a  four-sided  figure  360^ ;  and,  in  general, 
when  all  the  angles  of  any  polygon  of  n  sides  are  measured,  the 
sum  8  *s  180''  (n  —  2),  provided  all  the  angles  be  wdientj  that  is, 
projecting  outwards  from  the  body  of  the  figure,  or  if  the 
interior  angle,  when  even  greater  than  two  right  angles,  be  thus 
measured. 


REPEATING  THEODOLITE. 

Suppose  the  theodolite,  whose  figure  is  given  in  page  87,  to  be 
placed  on  its  stand,  consisting  of  a  tripod  or  other  firm  support, 
and  adjusted  so  as  to  have  its  leading  vernier  A,  for  example,  at 
zero,  when  the  upper  telescope  A  B  is  accurately  directed  by  its 
tangent  screw  upon  the  object  on  the  right,  and  the  under  tele- 
scope A'  B'  upon  the  object  on  the  left,  and  then  both  clamped 
firmly  to  the  instrument.  Now,  let  the  lower  telescope  A'  B',  on 
the  object  to  the  left,  by  a  motion  of  the  head  of  the  instrument, 
be  placed  upon  the  object  on  the  right,  the  upper  telescope  will  be 
moved  to  the  right  by  an  angle  equal  to  that  required  to  be  mea- 
sured. When  the  instrument  is  in  this  position,  let  the  upper 
clamping  screw  be  slackened,  and  the  corresponding  telescope 
brought  upon  the  object  on  the  left,  and  made  to  bisect  it  nicely 
by  its  tangent  screw,  it  is  evident  that  the  first,  or  upper  telescope 
A  B,  has  passed  over  an  arc  double  of  the  angle  required. 

If  this  process  be  repeated,  the  arc  read  by  the  vernier  will  be 
quadruple  of  the  required  arc,  thus  doubling  the  measure  each  time. 
Hence  this  instrument  is  called  a  doubly-repeating  theodolite,  in 
contradistinction  to  the  preceding  instrument  represented  in  page 
473,  which  gives  simple  repetitions  only.  The  doubly-repeating 
theodolite,  of  about  twelve  inches  diameter,  reading  to  ten  decimal 
seconds,  or  3''.24  sexagesimal  seconds,  is  much  used  by  the  French 
engineer  officers,  and  seems  to  give  satisfactory  results. 

It  b  supposed  to  eliminate  all  errors  of  centring  and  dividing, 
when  the  repetition  is  carried  to  ten  or  twenty  times,  though  I 
think  this  doubtful.  In  theory,  tlie  instrument  is  apparently  per- 
fect ;  but  from  the  defects  of  materials  and  workmanship,  and  the 
insufficiency  of  the  tangent  and  clamping  screws  to  produce  abso- 
lute stability,  it  is  found  from  experience  to  repeat  the  error  along 
with  the  angle  measured,  so  that  it  is  not  equal  to  our  larger  and 
more  perfect,  though  weightier  instruments. 
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THE  SPIRIT-LEVEL. 

The  fipirit-level,  as  usually  constructed,  is  an  instrument  in  some 
respects  similar  to  the  theodolite,  and  by  the  latter  the  operations 
of  the  former  may  be  readily  performed.  The  spirit-level  has  a 
stand  with  clamping  and  tangent-screw,  a  telescope  with  its  level, 
and  a  compass  exactly  similar  to  the  theodolite,  but  without  hori- 
zontal or  vertical  arcs,  the  compass  alone  being  thought  sufficient 
for  every  angular  purpose  required  in  the  use  of  this  instrument. 

The  method  of  setting  up  and  adjusting  for  observation  the  T 
level  at  least,  being  so  similar  to  that  followed  for  the  theodolite, 
that  it  is  not  necessary  to  say  much  in  regard  to  it  here.*  There 
are,  however,  several  other  kinds  of  levels,  such  as  Troughton's, 
Gravatt's,  &c.,  with  more  powerful  telescopes  than  those  generally 
applied  to  theodolites,  in  which  some  of  the  adjustments  are  effected 
by  the  maker,  and  do  not  so  easily  get  out  of  order  as  those  of  the 
common  Y  level.  These  adjustments  are  generally  made  in  the 
field  by  interchanging  the  position  of  the  instrument  and  divided 
levelling-rod,  half  the  difference  of  the  reading  is  the  correction 
of  the  level,  which  must  be  rectified  by  altering  the  adjusting  screws 
of  the  telescope,  till  the  intersection  of  the  cross  wires  cuts  the 
middle  point  between  the  two  readings  in  both  positions.  Or  a 
station,  on  as  level  a  piece  of  ground  as  possible,  may  be  chosen 
exactly  half-way  by  measurement  between  two  levelling-rods,  per- 
fectly vertical,  at  the  distance  of  about  two  hundred  yards  from 
one  another.  The  instrument  being  firmly  placed  upon  its  stand 
at  one  hundred  yards  from  each  staff,  the  air-bubble  is  made,  by 
the  screws  of  the  parallel  plates,  to  remain  perfectly  in  the  same 
position  when  turned  to  each  staff  in  succession,  and  the  divisions 
cut  by  the  horizontal  wire  of  the  telescope  in  both  instances 
recorded.  These  divisions  are  truly  on  the  same  level,  though  the 
line  of  collimation  may  not  be  parallel  to  the  spirit-level.  Next 
remove  the  instrument  to  one  of  the  staves,  raise  the  centre  of  the 
eye-aperture  to  the  height  recorded  at  the  staff  where  it  stands,  then 
direct  the  telescope  to  the  other  staff,  and  if  the  reading  agree 
with  that  first  recorded  on  it,  the  instrument  is  truly  adjusted.  K 
not  correctly  the  same,  alter  the  adjusting  screws  till  the  difference 
of  the  readings  is  reduced  to  one-half  the  original,  and  the  instru- 
ment will  then  be  truly  adjusted.    It  would  be  prudent  to  repeat 

*  See  fig.,  page  289. 
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tbifl  operation  till  the  observer  is  satisfied.  In  all  instruments  it  is 
recommended  to  have  the  heads  of  the  adjusting  screws  protected 
or  covered,  so  that  it  is  impossible  or  difficult  to  alter  them  by 
accident  or  mistake. 

From  the  preceding  observations  it  is  obviously  advantageous 
to  place,  when  convenient  or  practicable,  the  instrument  half-way 
between  the  fore  and  back  staffs,  to  avoid  error  from  bad  adjust- 
ment, as  well  as  to  render  any  allowance  for  curvature  and  refrac- 
tion unnecessary. 

There  are  various  levelling-rods  constructed,  to  be  used  along 
with  this  instrument,  having  marks  or  vanes  that  slide  up  and 
down,  and  are  moved  by  the  bearer  or  assistant.  It  is,  however, 
more  convenient,  and  less  liable  to  error,  to  have  a  rod  divided 
into  feet,  tenths,  and  hundredths,  and  so  distinctly  marked  that  the 
principal  observer  may  easily  read  them  through  his  telescope  at  a 
moderate  distance,  and  instantly  record  them.  In  aU  observtuions 
the  reading  and  writing  should  be  re-examined^  to  see  thai  both  are 
correct. 


THE  ALTITUDE  AND  AZIMUTH  CIRCLE. 

BY  TROUGHTON  AND  SIMMS.* 

The  Altitude  and  Azimuth  Circle,  as  now  constructed,  is  an 
instrument  of  great  utility  and  importance  in  practical  astronomy 
and  geodesy.  It  is  made  of  all  dimensions,  varying  from  the  small 
portable  instrument,  whose  divided  circles  are  five  or  six  inches  in 
diameter,  to  those  of  two  or  three  feet.  The  smaller  class  have 
their  arcs  read  by  verniers,  the  larger  by  reading  microscopes. 
The  diameters  of  the  divided  circles  of  that  whose  figure  is  here 
given  are  generally  about  twelve  or  eighteen  inches,  and  the  divi- 
sions are  subdivided  by  reading  microscopes;  while  the  smaller 
class  of  the  same  construction,  varying  from  ten  to  twelve  indies, 
have  only  verniers  reading  to  about  10" :  but  both  these  are  occa- 
sionally varied  to  suit  the  views  of  purchasers,  and  the  work  they 
are  rehired  to  perform. 

*  This  instruioent  still  continues  to  be  made  in  a  superior  manner  by  Mr  Simm8» 
188  Fleet  Street^  London.  Prices, — ^Both  circles,  twelve  inches  diameter,  £100, 
with  reading  micrometers;  both  circles,  eighteen  inches  diameter,  £200,  ditto. 
Ertel's  univerBal  instrument,  having  its  horizontal  circle  twelve  inches,  and  its 
vortical  nine  inches,  with  verniers  reading  to  i",  is  a  valuable  instrument,  price  £160. 
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DESCEIPTION. 


To  the  centre  of  the  tripod  A  A,  ie  fixed  the  vertical  axis  of  the 
inBtrument  of  a  length  equal  to  about  the  radius  of  the  circle  pass- 
ing up  the  interior  of  the  frustum  of  the  cone  B,*     On  the  lower 
part  of  the  axis,  in  close 
contact  with  the  tnpod,  is 
centred  the  azimuthal  cir- 
cle C,  which,  by  means  of 
a  slow-motion  screw,  whose 
milled  head  spears  at  D, 
admits  of  a  horizontal  cir- 
cular motion  of  some  extent  ^ 
for  the  purpose  of  bringing- 
its  zero    exactly  into  the 
meridian;  though  in  some 
instruments,  for  the  sake  of 
permanent  stability,  this  is  . 
omitted,  as  it  is  occasion- 
ally purchasing  a  conveai- 
ence  at  the  risk  of  some 
error. 

Above  the  azimuth  cir- 
cle, and  concentric  with  it, 
is  placed  a  strong  circular 
plate  E,  which  carries  the 

whole  of  the  upper  works,  ^ 

and  also  a  pointer,  to  show 
the  degree  and  nearest  five 

minutes  on  the  azimuth  circle,  while  the  remaining  minutes  and 
seconds  are  obtained  by  the  reading^microscopes  F,  G,  as  pre- 
viously explained  in  the  description  of  the  reading-microscope. 
This  plate,  by  means  of  the  conical  part  B,  supported  by  a  brace 
and  carefully  fitted,  rests  on  the  axis  of  the  tripod,  and  moves  con- 
centric with  it.  The  conical  pillars  H  H,  support  the  horizontal 
or  transit  axis  I,  which,  being  longer  than  the  distance  between 
the  centres  of  the  pillars,  requires  the  projecting  pieces  c  c,  fixed 
to  their  tops  to  carry  out  the  "Y  's  a  a,  to  the  proper  distance  for  the 
reception  of  the  pivots  of  the  axis.  The  Y's  are  capable  of  being 
rused  or  lowered  for  levelling,  &c.  the  axis,  by  means  of  the  milled- 

e  conrenientl;  ntunted  when  it  deeoenda  througli 
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headed  screws  b  b.  The  weight  of  the  axis,  with  the  load  tiiat  it 
carries,  is  prevented  from  pressing  so  heavily  on  its  bearings  as  to 
injure  the  pivots  bj  two  friction-rollers  on  which  it  rests,  whereof 
one  of  them  ia  shown  at  e. 

This  is  accomplished  by  a  spiral  spring  fixed  in  the  body  of 
each  pillar,  which  presses  the  rollers  upwards  with  a  force  nearly 
equal  to  the  superincumbent  weight.  These  rollers,  on  receiving 
the  axis,  yield  to  the  pressure,  and  allow  the  pivots  to  find  thdr 
proper  bearings  in  the  Ys;  while,  at  the  same  time,  they  relieve 
them  from  a  great  part  of  the  weight  which  might  cause  them  to 
wear  rapidly  and  irregularly,  thereby  injuring  the  accuracy  of  the 
instrument. 

The  telescope  K  K  passes  through  the  axis  I,  on  which,  as  a 
centre,  there  are  fixed  the  two  circles  B  B,  each  close  ag^nst  the 
telescope  on  both  sides.  The  circles  are  fastened  together  by  small 
brass  pillars,  and,  in  the  larger  classes  of  instruments,  occasionally 
supported  by  diagonal  braces.  By  this  double  drde  the  vertical 
angles  are  measured  on  graduations  cut  upon  a  ring  of  silver, 
generally  on  one  of  the  sides  only,  which  from  that  circumstance 
is  called  the  face  of  the  instrument — a  distinction  to  be  attended  to 
in  making  observations,  by  placing  it  alternately  to  the  right  and 
left,  when  a  series  is  being  completed.  The  clamp  for  fixing,  and 
the  tangent-screw  for  giving  slow  motion  to  the  vertical  circle,  are 
placed  beneath  it,  between  the  pillars  H  H,  and  attached  to  them 
as  seen  at  L.  A  similar  contrivance  for  regulating  the  azimuth 
circle,  likewise  divided  on  silver,  is  represented  at  M.  The  read- 
ing-microscopes for  the  vertical  circles  are  carried  by  two  arms 
N  N,  bent  upwards  near  their  extremities,  and  attached  towards 
the  top  of  one  of  the  pillars,  one  of  which  is  shown  above  e,  and 
the  other  under  o. 

A  circular  plate  of  brass,  with  a  round  hole  cut  in  it,  called  a 
diaphragm^  is  fixed  in  the  principal  focus  of  the  telescope  near  the 
eye-end,  across  which  are  stretched  five  vertical,  and  five  horizon- 
tal wires,  at  right  angles  with  each  other.  The  intersection  of  the 
two  central  ones,  denoting  the  optical  axis  of  the  telescope,  is  the 
point  by  which  an  object  ought  to  be  bisected  when  only  observed 
at  one  point,  such  as  a  terrestrial  object  when  taking  angles  for 
geodesical  purposes.  The  vertical  wires  are  used  for  the  same 
purpose  as  those  in  the  transit  instrument  for  observing  the  passage 
of  a  celestial  body  over  the  meridian,  and  the  horizontal  ones  for 
taking  zenith-distances,  or  altitudes  of  celestial  objects,  by  which 

*  See  the  figures,  page  468. 
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a  mean  of  five  observations,  or  rather  contacts,  may  be  readily  ob- 
tained. A  micrometer,  having  a  movable  wire,  is  sometimes 
attached  to  the  eye-end  of  the  telescope  of  the  larger  instraments, 
though  it  is  not  generally  applied  to  the  smaller  class.  This  is 
frequently  useful,  but  it  cannot  in  general  be  so  confidently  relied 
on  as  an  observation  taken  in  the  usual  manner.  The  illumination 
of  the  wires  necessary  at  night  is  effected  by  a  lamp,  supported 
near  the  top  of  one  of  the  pillars  as  at  dj  and  placed  opposite  the 
end  of  one  of  the  pivots  of  the  horizontal  axis,  which  being  per- 
forated, admits  the  rays  of  light  to  the  centre  of  the  tube  of  the 
telescope,  where,  falling  on  a  perforated  diagonal  reflector,  they  are 
thrown  towards  the  eye,  and  illuminate  the  field  of  view  so  as  to 
enable  an  observer  to  bisect  a  star  at  or  close  upon  the  intersection 
of  the  central  wires. 

The  vertical  circle  is  usually  divided  into  four  quadrants,  espe- 
cially if  there  be  two  microscopes  or  verniers  only,  each  numbered 
from  the  horizontal  points,  when  the  telescope  is  in  a  vertical  posi- 
tion, 0*,  10*,  20",  &c.  as  far  as  90'.  In  this  case  each  microscope 
shows  zenith-distances.  If  verniers  are  used,  there  must  be  two 
sets  of  numbers  on  them  reading  in  opposite  directions,  as  shown 
on  the  figure,  page  462.  In  reading  observations,  the  arrow  always 
indicates  the  degrees  and  every  ten  minutes;  but  if,  when  the^^ice 
of  the  circle  is  on  the  righty  the  minutes  and  seconds  obtained  by 
the  vernier  be  read  ^rom  the  arrow  in  the  order  of  the  upper  num- 
bers upon  the  vernier  plate,  then  when  the  circle  is  reversed, 
thereby  placing  the  fcu^  on  the  left^  they  must  be  read  towards  it 
in  the  order  of  the  lower  numbers,  and  tnce  versa;  while  care  must 
be  taken  by  the  observer  always  to  read  the  arc  and  verniers  in 
the  order  of  the  figures  in  the  same  direction. 

In  some  circles  a  different  plan  is  followed.  The  whole  vertical 
circle  is  divided  into  four  quadrants  as  before,  each  numbered  0", 
lO"",  20",  &c.  as  far  as  90";  but,  instead  of  the  previous  method, 
following  one  another  in  the  same  order  of  succession.  Conse- 
quently, in  one  position  of  the  instrument,  altitudes  are  read  off, 
but,  with  the  face  of  the  instrument  reversed,  zenith-distances;  and 
with  such  instruments  an  observation  is  not  considered  complete 
till  the  object  has  been  observed  in  both  positions.  In  the  latter 
case,  the  sum  of  the  two  readings  will  always  make  90*,  provided 
there  be  no  error  in  the  adjustments,  the  circle,  or  the  observation.* 

*  This,  of  course,  can  hold  good  with  objects  perfectly  at  rut  only.  When 
celestial  objects  are  obserred,  their  motion  will  render  the  sum  of  the  readings 
unequal  to  90°.    In  all  cases,  whether  for  terrestrial  or  celestial  observationSy  to 
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In  cases  where  there  are  three  or  more  microscopes,  the  readmgs 
will  be  different,  according  to  the  construction.  When,  however, 
there  are  but  two  microscopes  O  0,  the  straight  line  joining  ihem 
should  pass  through  the  horizontal  diameter  of  the  circle,  to  render 
which  perfect,  a  vertical  motion,  by  means  of  the  screws  i  J,  is 
given  to  the  Ys,  to  raise  or  depress  them  till  this  adjustment  is 
accomplished. 

A  good  spirit-level  P,  suspended  from  the  arms  which  cany  the 
microscopes,  shows,  upon  turning  round  the  circle,  when  the  ver- 
tical axis  is  set  perpendicular  to  the  horizon.  A  scale  usually 
showing  either  single  seconds,  or  (what  Is  more  convenient  for 
small  Instruments)  ttoo  seconds^  is  placed  along  the  glass-tube  of  the 
level,  which  exhibits  either  the  permanency  or  the  Inclination  of  the 
vertical  axis.  This  should  be  examined  repeatedly,  whilst  making 
a  series  of  observations,  to  ascertain  whether  any  diange  has  taken 
place  in  the  position  of  the  Instrument  after  Its  adjustments  have 
been  completed,  and,  by  recording  its  indications,  to  allow  for  any 
deviation  if  necessary.  One  of  the  points  of  suspension  of  the 
level  Is  movable  by  means  of  a  screw  /,  for  the  purpose  of  adjust- 
ing the  bubble.  A  riding-level,  similar  to  that  employed  to  level  ( 
the  transit-instrument,  rests  upon  the  pivots  of  the  axis.  It  ought 
to  be  carefully  passed  between  the  radial  bars  of  the  vertical  drde 
when  set  up  in  Its  place,  and  must  be  removed  as  soon  as  the  ope- 
ration for  levelling  the  horizontal  axis  Is  performed. 

The  whole  instrument  is  supported  upon  three  foot-screws,  placed 
at  the  extremities  of  the  three  branches  which  form  the  tripod,  and 
brass  cups  are  placed  under  the  ends  of  foot-screws  when  put  upon 
its  stand.  A  stone  pedestal,  set  perfectly  steady,  is  the  best  sup- 
port for  this  as  well  as  the  transit-Instrument;  but  for  travellers,  a 
strong  well-made  tripod  of  wood,  firmly  braced,  will  be  the  most 
convenient.  The  author  has  frequently  used  a  very  convenient 
small  six-Inch  circle,  differing  a  little  from  this,  having  three  Ver- 
niers, each  showing  10",  and  a  Jlxed  level,  each  of  whose  divisions 
indicate  2", 


The  Adjustments. 

1.   To  make  the  vertical  axis  perpendicular  to  the  horizontal  fiam. 
Set  up  the  Instrument  in  the  position  where  the  observations  are 

prevent  ambiguity,  and  the  unnecessary  distinction  of  altUvdt$  and  depretticn*,  I 
prefer  instruments  reading  z-fnUk-diitaneei, 
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to  be  made,  then  turn  the  instrument  round  till  the  spirit-level  P  is 
lengthwise  in  the  direction  of  two  of  the  foot-screws,  when,  by  their 
motion,  the  air-bubble  in  the  level  must  be  made  to  occupy  the 
middle  of  the  glass-tube  shown  by  the  divisions  of  the  scale  attached 
to  the  level.  When  this  Is  done,  turn  the  instrument  half  round  in 
azimuth,  and  if  the  axis  is  truly  vertical,  the  bubble  will  again 
settle  in  the  middle  of  the  tube  ;  but  if  not,  the  amount  of  the  devia* 
tion  will  show  double  the  quantity  which  the  axis  deviates  from  the 
vertical  in  the  direction  of  the  level.  This  error  must  be  corrected 
— one-half  by  two  of  the  foot-screws  over  which  the  level  is  placed, 
and  the  other  half  by  raising  or  lowering  one  end  of  the  spirit- 
level  itself  by  the  screw  represented  at^I  This  process  of  reversion 
and  levelling  should  be  repeated,  to  ascertain  whether  the  adjust- 
ment has  been  accurately  performed  or  not,  since  adjustments  of 
every  kind  can  be  made  perfect  by  successive  approximations  only. 
When  this  part  of  die  adjustment  is  satisfactory,  turn  the  instru- 
ment round  in  azimuth  a  quarter  of  a  circle,  so  that  the  level  P  may 
be  at  right  angles  to  its  former  position ;  and  It  will  then  be  over 
the  third  foot-screw,  which  must  be  turned  till  the  air-bubble  is 
again  central,  and  this  adjustment  will  be  completed.  If  the  whole 
has  been  correctly  performed,  the  air-bubble  will  remain  steadily 
in  the  middle  of  the  level,  indicated  by  the  divisions  of  its  scale, 
during  an  entire  revolution  of  the  instrument  in  azimuth.  If  not, 
the  operations  must  be  repeated  till  it  does  so. 

2.  To  set  the  vertical  circle  at  such  a  height  that  its  two  reading^ 
microscopes  shaU  be  directed  to  tioo  opposite  points  or  zeros  in  its 
horizontal  diameter. 

This  is  readily  accomplished  by  raidng  or  depressing  the  Ys  by 
means  of  the  screws  b  ft,  which  carry  the  horizontal  axis. 

3.  To  level  the  horizontal  axis. 

This  operation  is  performed  by  means  of  a  riding-level.  Apply 
this  level  to  the  pivots,  bring  the  air-bubble  to  the  middle  of  the 
glaschtube  by  observing  if  the  extremities  of  the  bubble  stand  oppo- 
site the  same  division  on  each  end  of  the  scale  by  means  of  the 
screws  ft  ft,  as  before.  Then  reverse  the  level  by  turning  it  end 
for  end,  and  if  the  air-bubble  still,  as  formerly,  remain  central,  the 
axis  will  be  horizontal ;  but  if  not,  half  the  deviation  must  be  cor- 
rected by  the  screws  ft  ft  and  the  screw  at  one  end  of  the  level, 
which  raises  or  depresses  the  glass-tube  of  the  level  with  respect  to 
its  supports  that  rest  upon  the  pivots.  After  performmg  this 
adjustment,  the  preceding  must  be  examined  to  see  if  it  be  deranged 
by  the  last  process.     Indeed,  it  is  preferable  to  set  the  axis  hori- 
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zontal  first,  and  then,  by  equally  raising  or  depressing  the  two 
ends,  to  bring  the  microscopes  into  a  diameter,  and  finally  to  level 
the  axis  again. 

4.   To  adjust  the  line  of  coUimcttion, 

This  adjustment  requires  the  middle  vertical  wire  to  describe  a 
great  circle,  and  the  middle  horizontal  wire  to  have  a  certun  defi- 
nite position  with  respect  to  the  divisions  on  the  limb.  It  is  usual 
to  rectify  the  middle  vertical  wire  first,  the  others  being  set  parallel 
by  the  maker.  Direct  the  telescope  to  some  small  well-defined 
distant  object,  bisect  it  with  the  intersection  of  the  two  central 
wires,  and  clamp  the  circle  in  that  position.  Now,  turn  the  whole 
instrument  half  round  in  azimuth  exactlt^y  and,  by  the  tangent- 
screw,  elevate  or  depress  the  telescope  till  it  cut  the  same  object, 
and  if  it  be  bisected  at  the  same  point  as  before,  the  coUimation 
adjustment  is  correct ;  if  not,  turn  the  small  screws  which  hold  the 
diaphragm  near  the  eye-end  of  the  telescope  through  one-half  of 
the  error,  and  the  adjustment  will  be  completed.  But  as  half  the 
deviation  may  not  be  correctly  estimated  in  moving  the  wires,  it  is 
necessary  to  verify  the  adjustment  by  moving  the  telescope  the 
other  half.  This  operation  must  be  repeated  till,  by  continued 
approximations,  the  adjustment  is  found  to  be  perfect.  To  adjust 
the  middle  horizontal  wire,  point  the  telescope  to  a  very  distant 
object,  near  the  intersection  of  the  wires,  bisect  it  by  the  middle 
horizontal  wire,  and  read  off  by  the  microscopes  the  apparent 
zenith-distance.  Now,  reverse  the  instrument  in  azimuth,  and, 
turning  the  telescope  again  upon  the  same  object,  bisect  it  as  before, 
then  read  the  arc  which  they  show.  One  of  these,  in  this  construc- 
tion of  the  instrument,  will  be  an  altitude,  and  the  other  a  zenith- 
distance,  and,  if  there  be  no  error,  the  sum  of  the  two  readings 
will  be  90"  exactly :  if  they  do  not  make  90®,  half  the  difference 
from  90**  will  be  the  error  of  coUimation.  If  die  instrument  shows 
zenith-distances  only,  then  half  the  difference  of  the  arcs  in  opposite 
positions  will  be  the  index  or  coUimation  error,  and  its  sign  must 
be  marked,  whether  -f  or  — ,  when  the  face  of  the  circle  is  to  the 
right  or  left.  This  error  may  be  either  employed  to  correct  an 
observation  made  with  the  instrument  during  its  continuance  in  one 
position,  or  removed  in  the  foUowing  manner.  Read  the  zenith- 
distances  in  opposite  positions  of  the  circle — that  is,  with  the  face 
alternately  to  the  right  and  left,  of  which  take  tiie  mean,  that  wiU 
be  the  true  zenith-distance :  then,  while  the  telescope  bisects  the 
object,  the  microscopes,  by  their  proper  screws,  must  be  adjusted 
so  as  to  read  that  mean.    In  making  a  series  of  observations,  how- 
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ever,  tliej  are  generally  taken  in  pairs,  with  the  face  of  the  circle 
alternately  to  the  right  and  left,  consequently  the  mean  of  the 
readings  gives  the  true  zenith-distance,  independent  of  the  error  of 
coUimation, — a  method  commonly  followed  in  practice. 

5.   To  set  the  central  or  middle  wire  truly  vertical. 

This  may  be  effected  by  directing  the  telescope  to  a  well-defined 
distant  object.  If,  on  elevating  and  depressing  the  telescope,  it  is 
bisected  by  every  part  of  the  wire,  that  wire  must  be  truly  vertical. 
If  not,  it  should  be  adjusted  by  turning  the  inner  tube,  carrying  the 
diaphragm  or  wire-plate,  till  the  preceding  test  of  its  verticality 
be  satisfied ;  and,  to  avoid  the  effects  of  any  small  error  on  this 
account,  care  must  be  taken  to  make  important  observations  near 
the  centre  Only.  The  other  vertical  wires  are,  by  the  maker,  placed 
equidistant  firom  the  middle  one,  and  parallel  to  it,  so  that,  when 
it  is  adjusted,  the  others  are  likewise  correct.  He  also  places  the 
transverse  wires  at  right  angles  to  the  middle  vertical  wire.  These 
adjustments  are  always  performed  by  the  maker,  and  are  little  liable 
to  derangement. 

In  general  it  may  be  remarked,  that  during  a  series  of  observa- 
tions, should  the  instrument  be  foimd  to  be  'a  small  quantity  out  of 
level,  (the  other  adjustments  being  perfect,)  it  may  be  restored 
generally  by  means  of  the  foot-screws  only,  when  they  require  but 
a  slight  touch  to  effect  it.  This  is  more  especially  essential  when 
the  level  of  the  horizontal  axis  is  the  one  deranged,  since  correcting 
it  by  moving  the  Ys  would  derange  the  adjustment  of  the  vertical 
circle  with  regard  to  its  reading  microscopes, — an  occurrence  which 
must  be  carefully  avoided.  The  error  of  the  vertical  axis  is  to  be 
detected  by  the  hanging  level,  and,  by  reading  its  scale,  can  be 
very  readQy  allowed  for  in  computing  observations,  as  has  already 
been  shown  in  the  description  of  the  level. 

General  Bule.  When  great  accuracy  ia  required^  it  is  both 
easier  and  eafepr  to  correct  by  calculation^  tium  to  adjust  by  mechanic 
cal  contrivance. 

Use  of  the  Altitude  and  Azimuth  Circle. 

*  a 

This  is  the  most  generally  useful  of  all  instruments,  because  it 
measures  with  great  accuracy  both  horizontal  and  vertical  angles. 
It  does  not,  however,  possess  the  power  of  repetition,  like  the  circle 
of  Borda,  but  the  effect  of  any  error  of  division  on  the  horizontal 
circle  may  be  diminished  or  destroyed  by  measuring  the  same  angle 
upon  different  parts  of  the  arc.  For  this  purpose,  let  r  be  the 
number  of  repetitions  required,  v  the  number  of  venders,  and  c  the 
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change  of  zero  in  degrees,  c= — .      Let,  for  example,  v»3,  and 

r=4,  then   ■To'~30''j  ^^  change.     Whence  the  succesave  zeros, 

or  rather  starting  points,  of  the  vernier  A  are  0**,  30**,  60**,  and  90®. 
By  this  process  the  whole  circumference  of  the  circle   is  eqnallj 
employed,  whence  the  small  errors  of  excess   and    defect    tend 
mutually  to  destroy  each  other.     Even  a  smcdl  quantity  of  change, 
by  means  of  the  screw  D,  if  a  great  one  be  inconvenient,  will 
greatly  diminish  the  chance  of  errors  in  division,  reading,  and 
pointing.     A  repeating-stand  is  frequently  added  to  this  instru- 
ment, which  is  a  convenient  appendage  when  great  accuracy  is  re- 
quired in  the  measurement  of  horizontal  angles ;  and  the  operation 
is  exactly  similar  to  that  explained  when  treating  of  the  use  of 
the  theodolite.      The  vertical  angles  should,  in  all  practicable 
cases,  be  taken  at  least  twice,  reversing  the  circle  before  taking  the 
second  observation,  which  will  eliminate  not  only  the  errors  of 
centring  and  division,  but  also  those  of  collimation  and  level.     In 
applying  the  instrument  to  astronomical  purposes,  this  method  is 
always  employed.     When  the  instrument  is  used  to  determine  the 
latitude  by  what  is  termed  ctrcum-mertdian  observations — ^that  is, 
several  observations  taken  a  short  time  before,  and  a  like  number 
after,  the  meridional  passage  or  transit,  at  times  nearly  equidistant — 
observe  first  with  the  face  of  the  instrument  to  the  right,  and  then 
to  the  left,  by  reversion  in  azimuth,  noting  the  precise  time  of  each 
observation.     Now  if,  from  computation,  we  have  the  exact  time 
of  the  object's  transit,  by  a  chronometer  showing  either  true  time, 
or  with  a  known  error  and  rate,  the  object's  distance  from  the  me- 
ridian in  time,  at  the  instant  of  each  observation,  may  be  found. 
This,  with  the  approximate  latitude  of  the  place,  and  the  declina- 
tion of  the  object,  afford,  by  the  formula  (6)  in  page  337,  and  the 
aid  of  Table  XVII.,  data  for  computing  a  quantity  called  the  re- 
duction to  the  meridian,  which,  subtracted  from  the  mean  of  the 
observed  zenith-distances,  when  the  object  is  on  the  upper  meridian, 
will  give  the  apparent  meridional  zenith-distance  of  the  object 
When  the  object  is  on  the  lower  meridian  under  the  pole,  the  re- 
duction must  be  added.     This  reduction  must  be  applied  with  a 
contrary  sign  to  the  altitude.     The  nearer  the  observations  are 
taken  to  the  meridian,  the  less  will  the  accuracy  of  the  results  de* 
pend  upon  a  true  knowledge  of  the  time.     To  obviate  such  an 
error  as  much  as  possible,  an  equal  number  of  observations  should 
be  taken  nearly  equidistant  from  the  meridian,  and  not  extending 
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to  more  than  ten  or  twelve  minutes  on  each  side  of  it,  when  the 
zenith-distance  is  not  less  than  twenty  or  thirty  degrees,  even  when 
taking  in  quantities  of  the  second  order.  Should  the  zenith-distance 
be  less  than  this,  in  mean  latitudes,  the  time  must  be  limited  to 
five  or  six  minutes ;  and,  when  very  near  the  zenith,  this  method 
of  repetition  is  not  to  be  recommended. 

This  instrument  may  also  be  very  successfully  employed  to  de- 
termine the  time  and  the  direction  of  the  meridian,  either  by  abso- 
lute altitudes  and  azimuths,  or  equal  altitudes  and  azimuths,  when 
corrected  by  the  necessary  equations,  by  Table  XYIII.,  for  those 
purposes.  The  direction  of  the  meridian  may  be  very  accurately 
determined  with  this  instrument,  by  means  of  any  circumpolar  star, 
especially  by  the  pole-star,  when  referred  to  a  mark  in  or  near  the 
horizon,  as  shown  in  pages  354,  355,  &c. 

To  insure  permanence  of  position  during  a  course  of  observations, 
this  instrument  is  frequently  furnished  with  an  under  telescope, 
capable  of  some  degrees  of  motion,  both  in  a  horizontal  and  vertical 
direction,  till  the  cross-wires  in  its  focus  acurately  bisect  some  well- 
defined  distant  object,  on  which  it  is  firmly  clamped  at  the  com- 
mencement of  a  series  of  observations ;  and  the  accuracy  of  the 
bisection  being  examined  after  their  termination,  and  found  perfect, 
proves  the  steadiness  of  the  instrument,  and  no  relative  motion  has 
taken  place  during  the  course  of  the  operations. 

Adie  and  Son  of  Edinburgh  construct  a  class  of  theodolites 
similar  in  principle  to  this  instrument,  but  of  smaller  dimensions, 
the  divided  circles  being  from  five  to  ten  inches  in  diameter,  with 
three  verniers,  reading  to  20*,  15*,  or  10",  according  to  the  size.* 
The  arms  of  the  tripod  are  bent  at  right  angles  downwards,  so  as 
to  Vaise  the  horizontal  circle  sufficiently  to  admit  the  conical  axis 
B  to  descend  below  instead  of  rising  above  it, — a  position  perhaps 
somewhat  more  convenient.  These  instruments  are,  therefore, 
well  fitted  to  perform  all  the  operations  of  a  theodolite  and  an 
astronomical  circle  with  great  precision,  considering  their  moderate 
dimensions  and  reasonable  price.  The  common  method  of  placing 
the  centre  of  the  vertical  axis  accurately  over  a  station,  is  by 
means  of  a  plumb-line  suspended  from  the  under  side  of  the  hori- 
zontal circle;  though,  in  some  of  the  larger  class  of  instruments,  the 
axis  B  is  hollow  in  the  middle,  with  two  cross-wires  adapted  to  it, 
cutting  each  other  at  right  angles  in  its  centre,  which,  by  means  of 
a  diagonal  eye-piece  in  its  top,  is  by  a  slight  motion  of  the  instru- 
ment brought  to  bisect  the  centre  of  the  station. 

*  Thoy  vary  in  price  from  £25  to  £50. 
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ZENITH-SECTOR. 

In  the  Englisli  Trigonometrical  Survey,  the  instmineiit  called  a 
Zenith-Sector  has  generally  been  used  to  fix  the  latitudes  of  the 
extremities  of  the  arcs  of  the  meridian.  This  instrument,  ranee  the 
time  of  Bradley,  who  by  one  of  them  discovered  the  aberration  of 
the  fixed  stars  and  the  nutation  of  the  earth's  axis,  has  always 
deservedly  held  a  high  place  in  the  estimation  of  the  aatronomerB 
of  this  country.  It  consists  of  a  telescope  firmly  fixed  to  a  trussed 
frame,  which  turns  on  an  axis  at  its  top  in  the  plane  of  the  meri- 
dian, and  its  lower  extremity  passes  over  a  small  arc  of  10'  or  15% 
Such  also  was  the  construction  of  the  ordnance  2ienith-Sector, 
begun  by  Ramsden  and  completed  by  Berge. 

It  is  obvious  from  this  construction  that  it  is  merely  a  portion  of 
the  old  astronomical  quadrant,  taking  in  only  a  few  degrees  on 
each  side  of  the  zenith,  and  possessing  the  property,  too,  of  turning 
in  azimuth,  to  reverse  the  readings  on  each  side  of  zero.  It  might 
therefore  have  a  large  radius,  but  still  all  the  disadvantages  of  the 
qi^drant,  from  a  want  of  opposite  ridings  adapted  to  it,  and 
could  be  reversed  on  different  days  only  to  render  an  observation 
complete. 

Colonel  Colby,  conscious  of  these  objections,  had,  after  the 
destruction  of  the  preceding  instrument  by  a  fire  at  the  Tower,  a 
new  Zenith-Sector  constructed  by  Mr  Simms,  on  a  plan  suggested 
by  Mr  Airy.  In  this  new  instrument  the  telescope  was  attached 
to  a  frame  supported  on  pivots,  which  gave  the  advantage  of  oppo- 
site readings  and  a  reversal  of  the  instrument  in  azimuth  at  each 
observation,  and,  in  fact,  is  merely  a  section  of  the  altitude  and 
azimuth  circle,  having  a  few  degrees  of  arc  at  top  and  bottom.  It 
therefore  occupies  less  room,  and  is  more  portable  than  a  circle  of 
equal  radius. 

It  is,  therefore,  strictly  analogous  to  the  altitude  and  azimuth 
circle  in  its  principles  and  application  to  practice. 

Observations  are  frequently  made  with  the  aid  of  a  basin  of 
mercury  by  reflexion,  and  at  the  same  time  by  direct  vision, 
whence  any  inherent  or  casual  discordances  are  corrected. 

In  a  paper  published  in  the  Transactions  of  the  Royal  SoalHsh 
Society  of  Arts^  in  the  year  1843,  Vol.  II.  page  211, 1  ventured  to 
recommend  a  transit  circle  of  cast-iron,  with  the  exception  of  the 
axis,  from  which  I  believed,  from  personal  experience,  much  greater 
stability  and  accuracy  could  be  obtained  than  from  the  mural  circle, 
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as  then  constructed,  to  which  I  had  stated  objections  previously 
without  producing  any  effect.  In  the  year  1848,  in  one  of  the 
monthly  notices  of  the  Bayed  Astronomical  Society^  Vol.  YUI.,  page 
212,  Mr  Airy  proposes  a  transit  circle  of  cast-iron  similar  to  what 
I  had  done,  and  analogous  to  my  proposition  in  1843,  which, 
doubtless,  will  be  shortly  constructed.  I  have  repeatedly  spoken 
in  terms  of  approval  of  the  circles  being  cast  solid,  or  at  least  of 
one  piece,  from  the  advantages  attending  the  small  altitude  and 
azimuth  one  which  I  now  possess  consisting  of  solid  circular  plates, 
made  by  the  late  T.  C.  Robinson  of  London ;  and  I  have  no  doubt 
that  a  transit  circle  similarly  constructed  would  be  a  decided 
improvement  on  the  mural  circle. 

The  French  have  hitherto  chiefly  used  the  repeating  circle  of 
Borda  for  geodetic  purposes,  which  is  of  an  ingenious  construction, 
but  its  superior  accuracy  is  quite  ideal,  and  the  observations  made 
with  it  require  a  g^at  deal  of  reductions,  causing  thereby  much 
unnecessary  labour. 

SIGNALS. 

1.  Signals  ought  to  be  established  in  such  a  manner  as  to  be 
clearly  seen  at  a  distance.  A  vertical  pole,  with  a  red  or  white 
flag,  makes  a  good  signal  for  ordinary  purposes  at  short  dbtances. 
Spires,  towers,  lighthouses,  &c.,  may  occasionally  serve  the  same 
purpose,  but  then  it  is  necessary  to  reduce  observations  made  in 
connexion  with  them  to  the  centre  of  the  stations,  thus  causing 
considerable  additional  labour  in  measurements  and  calculations. 
Good  signals  may  be  made  of  a  disc  of  plate  iron  or  copper  painted 
black,  perforated  by  a  hole  at  its  centre  through  which  the  light  of 
day  may  be  readily  seen,  especially  against  the  sky.  This  disc 
ought  to  traverse  round  a  central  axis  fixed  in  a  pole  for  that  pur- 
pose, so  that  its  perforated  surface  may  be  successively  presented 
to  the  surrounding  stations.  Sometimes,  also,  argand  lamps,*  with 
parabolic  reflectors,  have  been  employed,  though  now  generally 
abandoned,  because  at  night,  the  time  they  ai*e  used,  atmospheric 
irregularities  are  greatest.  A  signal  is  better  seen  when  projected 
against  the  aky  than  against  the  ground  or  woods,  and  this  circum- 
stance is  easily  known  by  ascertaining  from  measurement  the  zenith- 
distances  of  any  two  signals.  If  their  sum  be  less  than  180'',  they 
will  one  or  both  be  seen  against  the  sky.  As  these  conditions 
cannot  always  be  fulfilled,  it  will  be  advantageous  to  paint  the  sig- 
nals white  when  they  are  projected  against  the  ground,  and  those 
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black  which  impinge  against  the  sky.  In  veiy  distant  obflcnrationii, 
piles  of  stone  or  tarf ,  with  a  vertical  pole  in  their  centre,  are  gene- 
rally used.  Their  height  is  commonly  about  one  ten-thonsandth  of 
their  distance,  so  as  to  subtend  an  angle  of  about  20-,  and  the 
diameter  of  the  base  one-third  of  their  height  The  author  luw 
had  constructed  circular  heliotropes  of  plate  glass,  about  three  or 
four  inches  in  diameter,  set  in  a  brass  frame  having  two  motions  at 
right  angles  to  one  another,  so  as  to  take  all  degrees  of  inclinatioii. 
The  back  of  the  glass  is  painted  black,  with  a  circular  hole  in  the 
middle  of  the  frame,  and  the  glass  unpainted  opposite  to  it,  by 
which  the  proper  position  of  the  heliotrope  is  ^ven,  as  explain^ 
previously  in  page  332. 

The  bottom  of  the  stand  is  loaded  with  lead,  so  as  to  give  it  sta- 
bility when  placed  on  a  proper  base.  There  is  also  a  brass  rod 
prepared  to  screw  into  the  bottom  of  this  stand,  so  that  by  its  means 
L  heUotn>pe  may  be  stuck  into  any  given  rignal  or  pile  when  a 
flat  steady  base  cannot  be  attained. 

In  remote  situations,  observatories  must  be  occasionally  con- 
structed  to  protect  the  observer,  when  no  edifice  can  be  had  to 
serve  at  the  same  time  for  a  lodging  and  a  signal.  These  struc- 
tures have  generally  the  form  of  a  quadrangular 
pyramid  truncated  near  the  top,  as  in  the  figure. 
The  superior  prolongation  S  of  the  axis  S  C 
serves  for  a  signal,  and  the  observer  places  the 
centre  of  his  instrument  at  the  point  C,  the  imagi- 
nary projection  of  S  upon  the  ground.  The  four 
edges  or  comers  are  of  beams  of  wood,  solidly 
planted  in  the  ground,  and  connected  by  traverses, 
properly  jointed  with  mortises,  to  a  central  post, 
of  which  the  upper  extremity  is  S.  The  exterior 
is  properly  planked  with  deals  from  the  top, 
descending  within  about  six  feet  of  the  ground.  This  part  is 
left  unplanked,  to  enable  the  observer  to  see  di^tant  objects  dis- 
tinctly and  take  a  round  of  angles.  In  coarse  weather,  a  canvass 
covering  may  be  placed  on  the  weather  side,  to  afford  the  necessary 
protection  from  the  wind,  rain,  or  snow.  When  the  operations  are 
finished,  this  species  of  signal  is  removed.  A  roughly-dressed  stone 
is  placed  directly  under  G,  upon  which  two  straight  lines  are  cut  at 
right  angles,  whose  intersection  indicates  the  axis  of  the  signal. 
At  the  intersection  a  circular  hole,  of  about  an  inch  in  diameter,  is 
bored  with  an  iron  cylindrical  rod,  like  those  commonly  used  in 
rock-blasting.     Verifications  frequently  require  that  these  posts 
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shotdd  be  found  readily  and  correctly,  while  the  expense  and 
trouble  required  to  execute  them  are  trifling. 

One  of  the  most  portable  signals  is  constructed  of  a  wooden 
frame  covered  with  canvass.  Two  circular  rings  or  hoops  of  wood, 
about  six  or  eight  feet  in  diameter,  having  six  or  eight  sockets  of 
copper  let  into  them,  forming  the  lower  and  upper  ends  of  the 
upright  part  of  the  signal.  Into  these  sockets  the  same  number  of 
cylindrical  wooden  bars  or  posts,  by  ends  furnished  with  copper 
bolts,  are  fixed.  Upon  this  is  placed  a  conical  roof,  and  the  whole 
covered  with  canvass,  any  part  of  which  is  removable  at  pleasure, 
for  the  purpose  of  facilitating  observations  in  any  given  direction, 
while,  at  the  same  time,  the  remaining  portion  furnishes  a  con- 
venient protection  to  the  observer.  After  removal,  the  station  of 
the  signal  is  accurately  marked  as  before,  when  necessary. 

Small  portable  wooden  houses  have  been  lately  introduced  on 
the  Ordnance  Survey,  which  may  be  readily  set  up  and  taken  down, 
when  necessary,  by  means  of  appropriate  joints,  that  are  much  more 
comfortable  for  tiie  residence  of  the  engineer  officers  than  the 
usual  tents. 


TRANSIT   INSTRUMENT. 

BY  TROUGHTON  AND  SIMMS.» 
DESCRIPTION. 

A  transit-instrument  is  a  telescope,  properly  placed  in  the  meri- 
dian, for  the  purpose  of  observing  the  times  at  which  the  celestial 
bodies  pass  this  circle.  The  telescope  is  fitted  to  an  axis,  of  which 
the  ends,  formed  into  pivots,  turn  in  notches,  from  their  shape  called 
Ys.  This  axis  is  made  hollow,  opposite  one  of  the  ends  of  which 
is  placed  a  lamp  for  illuminating  the  wires  in  night  observations. 
These  wires,  generally  five  in  number,  are  placed  in  the  telescope 
equidistant  from  each  other,  and  perpendicular  to  the  horizon,  hav- 
ing also  a  horizontal  wire  bisecting  them  at  right  angles,  near  or 
upon  which  the  transits  are  observed.  When  properly  adjusted, 
the  middle  vertical  wire  coincides  with  the  meridian,  and  the  instant 
that  the  centre  of  any  celestial  body  passes  this  wire  is  called  its 
transit  The  other  parallel  wires  are  intended  to  correct  or  verify 
the  observation,  by  taking  a  mean  between  the  transits  over  the 
first  and  last,  tiie  second  and  fourth,  and  comparing  it  with'  the 

*  PrioeB — Twentj-inch  ieleeoope,  £20 ;  thirty-mch  teleecope,  £40. 
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tfurd  or  meridian  wire ;  or,  irbat  !■  mwe  oorreot,  to  take  a  mean 
of  the  vhole,  caDed  the  rednetioD  of  the  wirea. 

The  figure  repraaents  Ihia  inatnimeiit  when  the  teleaeope  Tanes 
from  eighteen  niches  to  two  feet  in  focal  length.  The  teleaoopt 
A  A  oonasts  of  two  psrta,  con- 
nected together  by  a  sphere  B, 
which  alio  receives  the  larger 
ends  of  the  cones  C  C,  placed 
at  right  angles  to  the  tobe  of 
the  telescope,  and  foreung  the 
horizontal  axis.  This  axis  termi- 
nates in  two  (^lindrical  pivots, 
which  rest  in  Ta  fixed  at  the 
upper  ends  of  the  vertical  stand- 
ards D  D.  One  of  the  Ts  po9-  , 
■esses  a  small  motion  in  azimuth, 
ooounanicated  by  taming  the 
■crew  a.  Bat  that  the  telescope 
may  move  in  a  vertical  circle, 
the  pivots  must  be  precisely  in  the 
same  level,  otherwise  the  tele- 
scope, instead  of  perpendicularly, 
will  revolve  in  a  plane  oblique 

to  the  horizon.  The  levelling  of  the  axis  is,  therefore,  one  of  the 
most  important  adjustments  of  the  instrument,  and  is  effected  by 
means  of  a  spirit-level  G,  wbidi,  for  this  purpose,  is  made  to  ride 
across  the  telescope,  and  rest  on  the  two  pivots,  and  must  be 
removed  as  soon  as  the  adjustment  is  made.  The  standards  D  D 
are  fixed  by  screws  upon  a  cast^-metal  or  brass  circle  F,  which  rests 
upon  three  screws  b,  c,  d,  forming  the  feet  of  the  instrument,  and 
by  the  motion  of  which  the  opentiou  of  levellmg  b  performed. 

The  oblique  braces  Q  G  are  added  for  the  purpose  of  securing 
the  supports,  so  that  the  telescope  may  have  both  a  free  and  steady 
motioa.  On  the  extrami^  of  one  of  the  pivots,  which  extends 
beyond  its  Y,  is  fixed  a  circle  H,  which  turns  with  the  axis,  while 
the  double  verniers  e  e  remain  stationary  in  a  horizontal  pocdtioD, 
whereof  one  shows  the  altitude  and  the  other  the  zenith-distance  at 
which  the  telescope  is  placed.  The  verniers  are  both  set  horizontal 
by  the  spirit-level/  which  is  attached  to  them,  and  they  are  fixed 
in  their  proper  position  by  a  brass  arm  ^,  clamped  to  the  supporis 
by  a  screw  at  A.  The  whole  apparatus  is  movable  along  with  tbe 
telescope,  and  when  the  axis  is  reversed,  it  can  be  attached  in  the 


IN  SUBYETIKO  AND  LEVELLING.  499 

same  manner  to  the  opposite  standard.  The  telescope  of  a  transit 
belonging  to  the  author,  made  by  Berge,  is  elevated  or  depressed 
by  a  semicircle  attached  to  the  telescope  near  A.  Either  of  these 
methods  may  be  used  separately  or  combined. 

Near  the  eye^end  of  the  telescope  is  placed  a  diaphragm  in  its  prin- 
cipal focns,  represented  by  the  figure  which,  in 
this  instrument,  has  five  vertical  wires  and  one  or 
two  horizontal  wires  close  to  each  other,  between 
which  the  observations  are  made.  The  central 
vertical  wire  ought  to  be  fixed  in  the  optical  axis 
of  the  telescope,  and  perpendicular  to  the  horizon- 
tal axis.  These  wires  are  visible  in  the  day-time 
by  the  light  passing  down  the  telescope  to  the  eye ;  but  at  night, 
except  a  luminous  object  like  the  moon  be  observed,  they  cannot  be 
seen.  In  this  case  they  must  be  illuminated  through  a  hole  in  one  of 
the  pivots  of  the  axis,  which  admits  the  light  of  a  lamp  placed  opposite 
to  it,  on  the  top  of  one  of  the  standards  as  shown  at  I.  This  light 
is  directed  to  the  wires  by  a  reflector  placed  diagonally  in  the  sphere 
B ;  which  reflector,  having  a  large  hole  in  its  centre,  admits  the 
rays  passing  firom  the  object  down  the  telescope  to  the  eye  of  the 
observer,  who  thus  sees  distinctly  both  the  wires  and  the  object  at 
the  same  time.  The  lamp  is  so  constructed  that  the  light  may  be 
regulated  according  to  the  faintness  of  the  objects,  so  as  not  to 
obscure  its  feeble  rays«  The  telescope  is  also  furnished  with  a  dia- 
gonal eye-piece,  by  which  stars  near  the  zenith  may  be  convenientiy 
observed.  The  altitude  and  azimuth  circle  will,  when  well  con- 
structed and  in  perfect  adjustment,  perform  the  operations  of  a 
transit-instrument  successfhlly — ^a  circumstance  veiy  important  to 
scientific  travellers,  who  oft^  have  not  the  means  of  carrying  a 
complete  collection  of  instruments  along  with  them. 

ADJUSTMENTS. 

1.  Ths  wires  should  be  set  perfedly  verttocd. 

This  is  verified  by  observing  that  any  distant  vertical  object,  cut 
by  a  wire,  does  not  change  its  position  relative  to  that  wire  on 
moving  the  instrument  up  and  down.  If  it  does,  the  wires  must 
be  turned  till  tiie  object  is  kept  upon  them  when  moved  through 
their  whole  extent,  and  the  adjustment  is  then  complete. 

2.  The  telescope  should  have  noparaUax. 

When  any  distant  object  is  bisected  by  the  horizontal  wire,  if,  on 
moving  the  eye  up  and  down  a  little,  tiie  object  should  appear  to 
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separate  from  the  wire,  the  instniment  is  said  to  have  a  paraUaz; 
This  must  be  corrected  by  placing  the  object  and  eye-glasses  at 
such  a  distance  from  each  other  that  their  foci  may  meet  at  the 
intersection  of  the  wires.  When,  as  is  usually  the  case,  the  object- 
glass  has  been  properly  fixed  by  the  maker,  the  observer  has  only 
to  adjust  the  eye-glass. 

3.  The  line  of  coUimation  should  be  correct. 

This  is  known  by  bisecting  any  object  by  the  meridian  wire,  and 
if,  on  reversing  the  axis,  the  object  still  remiuns  bisected  as  before, 
the  line  of  collimation  is  correct.  If  not,  it  must  be  adjusted  by 
the  small  screws  in  the  sides  of  the  telescope,  carrying  the  diaphragm 
near  the  eye-glass.  This  is  effected  by  easing  one  screw  and  then 
tightening  the  other,  till  the  error  appears  one-half  diminished ; 
after  which  the  axis  is  again  reversed,  and  the  operation  repeated 
till  the  acyustment  is  properly  effected. 

4.  To  level  the  aocia. 

This  is  performed  by  a  screw  under  one  of  the  Ys,  which  ndses  or 
depresses  that  end  of  the  axis  at  pleasure,  while  the  true  horizontal 
position  is  ascertained  by  the  spirit-level. 

5.  To  bring  the  telescope  into  the  meridian. 

This  is  accomplished  by  a  horizontal  screw  acting  on  one  end  of 
the  axis,  by  which  it  is  moved  forward  or  backward  till  its  proper 
position  is  obtained. 

6.  To  prepare  the  teUacopefor  observation. 

Slide  the  eye-piece  in  or  out  tiU  the  wires  are  seen  distinctly. 
Direct  the  telescope  to  some  well-defined  object,  and  turn  the 
milled-head  on  the  side  of  the  transit  till  the  object  is  seen  with 
perfect  distinctness.  Place  the  level  on  the  axis,  and  bring  the 
bubble  to  the  middle  by  the  screw  which  elevates  or  depresses  one 
of  the  Ys,  the  axis  of  the  transit  will  then  be  parallel  to  the  horizon. 

Having  brought  the  object  to  the  central  vertical  wire  by  means 
of  the  screws,  which  act  horizontally  on  one  of  the  Ys,  observe 
whether  the  same  point  of  the  object  is  covered  by  the  wire  while 
the  telescope  is  elevated  or  depressed,  and  if  not,  correct  half  the 
apparent  deviation  by  turning  round  the  cell  which  contains  the 
wires.  Now,  with  the  wire  covering  some  well-defined  distant 
object,  take  the  instrument  out  of  its  Ys  and  carefully  invert  it, 
when,  if  the  wire  no  longer  bisects  the  same  part  of  the  object, 
correct  half  the  error  by  means  of  the  screws  which  act  horizontally 
upon  the  wires,  and  the  remaining  half  by  the  screws  which  act 
horizontally  upon  the  Ys.  Bepeat  this  operation  till  the  vertical 
wire  covers  the  same  part  of  the  object  in  both  positions  of  the 


IN  BUBYEYINQ  AND  LEYELUNa.  501 

telescope,  and  the  line  of  sight  will  then  be  perpendicular  to  the 
axis. 

7.  To  elevate  the  telescope  to  a  given  ohfect> 

This  operation  is  performed  by  computing  the  altitude  or  zenith- 
distance,  previously  to  any  observation,  and  either  by  the  circle  on 
the  extremity  of  the  axis  in  small  instruments,  or  those  near  the 
eye-end  of  the  telescope  in  large  ones,  elevate  it  to  the  proper  alti-* 
tude  or  zenith-distance,  as  may  be  required. 

8.  To  compuU  the  altitude. 

To  the  complement  of  the  latitude  add  the  declination,  if  they 
are  of  the  same  name,  the  sum  will  be  the  altitude ;  but  subtract 
it,  if  of  different  names,  and  the  remainder  will  be  the  altitude ; 
when  the  object  is  between  the  zenith  and  the  pole,  of  a  contrary 
name  to  the  latitude.  If  the  object  is  between  the  zenith  and  the 
pole,  of  the  same  name  with  the  latitude,  the  meridian  altitude  is 
equal  to  the  sum  of  the  latitude,  and  the  polar  distance  of  the  object, 
when  above  the  pole,  but  to  their  difference  when  below  it. 

9.  To  take  a  transit. 

With  the  latitude  of  the  place,  and  the  declination  of  the  object, 
compute  its  meridian  altitude.  When  it  is  known  by  computation, 
or  otherwise,  to  approach  the  meridian,  elevate  the  telescope  to  the 
given  altitude  by  one  or  other  of  the  circles  for  that  purpose. 
Now,  because  the  telescope  inverts,  the  object  will  appear  to  come 
into  the  field  of  view  from  the  west,  and  move  towards  the  east. 
Mark,  by  the  clock  or  chronometer,  the  time  of  transit  over  each 
wire,  using  a  dark  glass  to  save  the  eye  when  the  sun  is  observed, 
and  tabulate  the  result  in  the  following  manner : — 
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\ 

Edinbuboh,  1886. 

1 

1 

Data. 

Ot^fed  obnrrfd. 

Wnun. 

I. 

n. 

III. 

IT. 

V. 

Jan.  15. 

San  1  Limb 
San  2  Limb 
a  AndromedsD 

• 

S8.6 
68,6 
11.2 

52.8 
12.8 
26.2 

b.  m.     n 
19  44    7.0 

46  27.3 

23  59  41.3 

2l'.4 
41.7 
66.4 

35.8 
55J 
11.6 

Redaction  of  sun's  first  limb  to  III.  wire 
Correotion  of  instrameni 
Correction  of  clock 


Apparent  right  ascension  obsenred 
In  like  manner  the  second  limb     . 

Mean  or  that  of  the  oentr»i  the  observed  B.  A. 

Redaction  of  a  Andfomedes  to  III.  wire    . 
Correction  of  instrnment    . 
Correction  of  clock 


Apparent  right  aicenaion  obsenred 


h.  nu       a.      I 

19  44     7.12 
+  0.93 

+         12.07 

19  44  20.12 
19  46  40.26 

19  45  30.19 

23  59  41.34 

+  a47 

+         12.03 

23  59  5&84 


TO  BRING  A  TRANSIT-INSTBUMBNT  INTO  THE  MERIDIAN. 

1.  Let  the  time  be  accurately  detennined  bj  absolute  altitudes 
near  the  prime  vertical,  or  by  equal  altitudes,  as  shown  in  the 
explanation  of  Table  XVIII.  Having  got  tiie  error  of  the  dock 
or  chronometer  to  be  used  in  the  observation,  compute  the  time  of 
transit  of  the  object  to  be  observed  either  in  mean  solar  or  sidereal 
time,  according  to  which  the  time-piece  is  regulated,  making  due 
allowance  for  error  and  rate,  as  shown  in  §  15,  pages  339,  340, 
341,  &c.,  then  bring  the  telescope  to  the  celestial  object,  when 
nearly  upon  the  meridian;  and  by  turning  the  horizontal  screw, 
make  the  middle  wire  bisect  the  object  at  the  instant  of  its  com- 
puted transit,  and  the  instrument  will  be  in  the  meridian.  Should 
the  object  be  the  sun  or  moon,  either  limb  must  be  observed ;  and, 
allowing  for  the  time  which  the  semidiameter  takes  to  pass  the 
meridian,  that  of  the  centre  becomes  known,  or  the  limb,  con- 
versely. 


To  FIND  THE  TIME  THAT  ANT  STAR  TAKES  TO  PASS  FROM  ONE  WIBS  TO 
ANOTHER  IN  A  TRANSIT-mSTRUMENT,  WHEN  THAT  ON  THE  SQUIKOCTIAL  IS 
KNOWN. 

Itule, — To  the  log  secant  of  the  starts  dedination,  add  the 
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logarithm  of  the  time  in  fleconds  at  the  equinoctoal^  the  sam  will 
be  the  logarithm  of  the  time  bj  the  star* 

Ex.— On  the  10th  of  May  1836,  the  declination  of  Oapella  was 
45"*  49'  32"  N.,  what  would  be  the  time  of  passage  of  the  star  from 
one  wire  to  another,  when  the  time  upon  the  equinoctial  was 
19«4? 

Dedination  ,        .        .       45*  49' 32*  N.  secant       0.156863 
Eqninoctisl  time   .        .  19«.64  log  1.293141 

Star's  time    .        .        .  28^.18  log  1,450004 


This  may  be  readily  performed  by  a  Table  of  Natural 
Secants,  like  that  among  my  General  Tables  (XXV. ;)  thus, 
19?64  X  1.435 =28?19.  Hence  the  star's  expected  time  of  ap- 
proach to  the  other  wires  becomes  known  after  the  first  contact  is 
observed. 

2.  To  place  a  transit-instrument  in  the  meridian  by  Polaris. 

On  the  1st  of  May  1840,  let  a  transit-instrument  be  placed  in 
the  meridian  at  Edinburgh,  in  latitude  SS""  57'  24^^  N.,  longitude, 
in  time,  12"  43?5  W. 

By  the  Nautical  AlmanaOj  the  right  ascenrion  of  Polaris  is 
X*  1~  16:40,  and  decimation  88«  27'  23\4  N. 

Whence,  by  §  8,  page  501^^^ 


0  0  M  •  *  H 


Latitade,  .  .    55  57  24  N.        .  .    55  57  24  N. 

Star's  polar  distance,    .      1  32  36  .      1  38  36 


Som,      .  .    57  30    0      Diflbrenoe,  .    54  24  48 

Hence  57"^  30'  0"  is  the  star's  altitude  above  the  pole,  or  at  its 
upper  transit,  and  54*  24'  48"  at  its  lower  transit  under  the  pole. 
The  complements  of  these  will  give  the  zenith-distances. 

Now,  let  the  clock  be  regulated  truly,  or  reduced  correctly  by 
allowing  for  error  and  rate,  to  sidereal  time,  and  when  it  shows 
jh  ^m  igi  4^  make  the  middle  wire  bisect  Polaris,  then  will  the  in* 
strument  be  in  the  meridian.  K  the  time-jnece  be  regulated  to 
mean  solar  time,  the  mean  time  of  transit  must  be  computed  as 
shown  in  the  explanation  of  Tables  XXYI.  and  XXYII.,  Ulus* 
trated  by  the  example  in  page  342,  &c. 

Again,  if  the  interval  between  the  infmor  and  supenor  passage 
be  leaa  than  the  interval  between  the  superior  and  inferior,  the 
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plane  in  which  the  transit  moyes  between  the  zenidi  and  the 
northern  horizon  is  to  the  eastward  of  the  tnie  meridian.  The 
quantity  of  deviation  may  be  computed  from  the  observed  differ- 
ence of  intervals  between  the  two  passages  by  the  following  role 
or  formula. 

BuLE. — To  the  log  secant  of  the  latitude  add  the  log  tangent  of 
the  star's  polar  distance,  and  the  logarithm  of  half  the  observed 
difiference  of  the  intervals,  the  sum  will  be  the  logarithm  of  the 
correction  to  be  applied  as  directed  above. 

Or,  if  X  be  the  correction,  A  the  interval  in  seconds  of  time,  I 
the  latitude,  and  p  the  polar  distance,  or  d  the  declination, 

Log  X  B  const,  log    9.698970 +log  sec  /  +  log  tan  /i.  •  .    (1) 

« 

»  const,  log    9.698970 +Iog  sec  /  +  log  cot  </.  .  .    (2) 

'Example  1.— At  Edinburgh,  in  latitude  56*  56'  58'  N.,  longi- 
tude in  time  12"  43'.5  W.,  on  the  4th  of  July  1848,  the  author 
found,  fcom  observation,  the  interval  between  the  inferior  and 
superior  transit  of  Polaris,  or  the  eastern  semicircle,  leas  than  the 
interval  between  the  superior  and  inferior  transit,  or  western  semi- 
circle measured  by  the  clock,  going  sidereal  time,  by  3*  40*.8 ; 
required  the  correction  of  the  transit  ? 

Constant  logarithm,                    .  .           .           .  9.698970 

/= 66' 66' 68'' K  secant,      ,  .           .  0.261871 

£f=88  29  43    N.  cotangent,  .  8.419434 

A=         3«  40-.8  =  220..8   log,  .                       .  2.343999 


n. 


*=      .  6.18  .log,  .    0.714274 

the  correction  indicating  that  the  transit  from  the  zenith  to  the 
northern  horizon  is  to  the  eastward  of  the  true  meridian ;  and  con- 
sequently between  the  zenith  and  southern  horizon  to  the  west- 
ward. 

The  effect  may  be  computed  for  another  star  by  the  formula — 

Log  y  =  log  «+log  sec  rf+ Jog  sine  (fcCcO       .  •  .    (3) 

.   Example  2. — ^Let  the  star  be  a  Ursse  Majoris. 
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Logx  .  .     •      .  .  .  .    0.714274 

•     /     / 
/=r55  56  58  19^. 

<f=:62  84    9  N.    log  secant,         .  .  .    0.386599 


ii-./=;  6  37  10          log  sine,            .           .           .  9.061732 

y=              1..296    log,        .            .           .            ,  0-112605 

the  correction  at  the  upper  transit  of  a  Urs®  Minor. 

Log* 0.714274 

/=  55  56  58  N. 

£f  =  62  34    8  N.    log  secant,                                 .  0.336599 


l+d=  lis  31    6  log  sine,  .    9.943823 


y  9*.88    log,        ....    0.994696 

the  correction  at  the  lower  transit. 

3.  To  place  a  transit-instrument  in  the  meridian  bj  a  pair  of 
circumpolar  stars,  differing  nearly  twdve  hours  in  right  ascension. 

Let  t  =  the  time  of  the  first  star's  upper  transit,  and  t  =  that 
of  its  lower ;  also  let  ^  and  r'  be  the  times  of  the  contrary  passages 
of  the  second  star.  Now,  if  ^  =  the  polar  distance  of  the  former 
star,  ^  that  of  the  latter,  while  «  is  the  error  in  azimuth,  and  I  the 
latitude. 

«-*  {(<-^W— r')}  sec  /  mn  (acv>«')        .  .    (4) 

Example. — On  the  Ist  of  Januaiy  1828,  when  the  right  ascen- 
sion of  the  pole-star,  by  the  NauHcal  AlmanaCj  was  0^  59"  28'.8, 
the  polar  distance  1°  36'  9' ;  the  right  ascension  of  ^  UrssB  Majoris 
was  13^  16"  58'.3,  the  polar  distance  34<»  10'  44";  when  the  clock 
of  an  observatory  in  latitude  52''  25'  50*  N.  was  regulated  properly, 
and  its  error  and  rate  allowed  for,  the  times  of  four  passages  taken 
by  the  transit-instrument  placed  a  little  out  of  the  meridian,  bat 
otherwise  well  adjusted,  were  as  follows : 

Pole-star  abore,    .       .10    0.56=/,  below,    12  58  55.47=1' 
i  UrsaB  Miyoiis  below,  .    1  16  55.46=r,  above,    13  16  58.16=r.' 


r-T,     .        .  .   —  16  54.91  I'-t's—  18    2.69 
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/— T       .        .        .        .  —  S  6i.91 
V^-e^    .  .        .   —  18    2.69 


Now,  as  f  ^r*,  the  seoond  inteiral,  exceeds  *— r,  the  first,  the 
deviation  is  towards  the  eo^,  while  the  di£Ference  is  67«.78.  But, 
in  using  formnhi  (4),  the  error  a  maj  be  computed  either  in  time 
or  arc,  as  best  suits  the  observer,  or  the  knowledge  he  has  of  the 
value  of  a  turn  of  his  screws,  which  he  should  previously  ascertain, 
at  least  in  an  approximate  manner.  Then,  if  he  wi^h  the  correc- 
tion in  time,  the  constant  logarithm  will  be  the  arithmetical  com- 
plement of  the  log  of  2,  or  9.698970 ;  if  in  arcs,  the  log  of 

1L=  7.5,  or  0.875061  is  the  constant. 

In  Time.  In  Are. 

1.    Ckmst.  log,        .        .  9.698970  2.    Const,  log,    .  0.875061 

a  =   1"  86'   T  9in,      .  8.446619  ....  8.446619 

a '=34  10  44    sin,      .  9.749565  ....  9.749565 

d'-^  =  32  34  35    cosec,  .  0.268876  ....  0.268876 

/=  52  25  50    sec,     .  0.214868  ....  0.214868 

A  =        67'.78  log,      .  1.881102  .        ,        ,        .  1.831102 


«=        1".622  log,      .     0.210000        «=24''.33  log,    1.386091 

the  respective  deviations  in  time  and  arc  towards  the  east, 

4.  To  place  a  transit-instrument  in  the  meridian  by  a  pair  of 
high  and  low  stars. 

If  the  difference  of  the  right  ascensions  of  two  stars,  of  which 
the  declinations  are  d  and  d',  be  c/a,  and  if  a  transit-instrument  be 
placed  B  seconds  of  time  out  of  the  meridian,  the  interval  between 
their  transits  will  be  ^•\'d  ^  seconds  of  time,  and  d  tt  may  be  foxoA 
from  the  following  formula,  in  which  ?  is  tiie  latitudet 

d  «c=3«  cos  /  sill  dh^l)  sec  d  sec  d',                        .    (5) 
Let  p:?=D  sfai  (^-^)  sec  d (6) 


in  which  d  is  negative  when  of  a  eontraiy  name  to  Ij  and  D  the 
deviation  or  error  in  tiie  position  of  the  transit. 

]^ow  making   n=milr-^)fmd.      .         ,  .         •    (7) 

then/^ss  nD  andy=n'D,  and  hence 
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D 


-P-^ 
-^i^' 


.     («) 


Agun,  let «( be  the  calculated  transit  or  true  right  aaoexmion  of 
the  first  star,  and  i  tlie  observed  transit,  consequently  p  =  t—t 
and  «'  being  the  right  ascension  of  the  second  star  y  =  «— «', 
therefore, 


D=: 


_  (<~0-(^^O 


ft — n 


TW 


.    (9) 


If  the  clock  does  not  keep  true  time,  the  interyal  must  be  cor« 
rected  for  the  rate.  Then,  if  D  be  positive^  the  instrument  devi- 
ates to  the  toestj  if  negative,  to  the  east— and  the  correction  may 
be  made  by  the  divided  head  of  the  adjusting-screw,  while  the 
operation  is  performed  as  follows : 

ExampU  1.  On  the  1st  of  April  1840,  the  following  observations 
were  made  in  latitude  6V  30  N.,  and  nearly  on  the  meridian  of 
Oreenwich. 


h.     m.    ■. 

Obaerred  transit  of  Rigd,       1=  6    7  34.70 

Capella,  r^6    6  38.08 


99 


n 


'=       1  56.62 
'=       1  68.22 


h*  Ilia       ■• 

«=6  6  61.30 

m==6  4  63.08 

.»'=  1  68.22 


(«-0-(— '> 


^1.60 


Whence,  to  get  D,  it  is  only  necessary  to  compute  n  and  n',  and, 
by  combining  formulsB  (7)  and  (9),  the  value  of  D  and  D"  at  tbe 
two  stars  will  be  found. 


I=z6l  30  N. 
6=46  60  N.  sec 

0.1669 
8.9946 

^=61  30  N. 
6=  8  24S. 

sec. 

sin 
•  log 

• 
• 

log 

0.0047 

-as:  6  40      nn 

/+a'=69  64 

•  .         • 

•  •         • 

IXss— 1-.91 

9.9371 

«=  0.142      1<^ 
*'=  0.874 

-ft=  0.732  a.  e.  L 
A=— .1«.60    log 

9.1614 

0.1366 
=0.2041 

9.9418 

ai366 
0.2041 

Ds^--0 .31    log 

=9.4910 

0.2814 

»'— fl= 
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Here  D  is  negattvej  and  the  deviation  of  the  telescope  is  toward  tho 
easty  but  Vhen  positive  it  is  to  the  west.* 

See  mj  Mathematical  Tables  and  General  Aatronomtcal  TcMea 
on  this  subject. 

Here^— «=  43.40,    and^ — «'=  .         46.00 

D'  i¥ith  Cont  sign  +  1.91,    D,  with  Cent,  sign,      +  0.31 


Error  of  clock  =    .  45.31,  fast  or  .  •    45.31 


Or  the  restilt  may  be  stated  thus : 

h.     m.     Ik  h.      B.    a. 

Capella's  R.  A.         5    6  51.30  Rigel'B  R.  A.         5    4  53.08 

D'  .  .  —       1.91  D  .  —       0.31 


Time  by  transit,       5    6  49.39  .  .  5    4  52.77 

Time  by  clock,  5    7  34.70  .  •  5    5  38.08 


Error  of  clock  fast,  45.31  .  .  45.31 

Correction  of  clock,        —45.31  in  sidereal  time. 

If  the  clock  is  regulated  according  to  mean  time,  the  interval 
t —  t  must  be,  by  Table  XXVI.,  converted  into  sidereal. 

ExampU  2. — On  the  1st  of  March  1848,  at  Edinburgh,  in  lati- 
tude 55^  57'  20"  N.,  the  transits  of  Capella  and  Rigel  were  observed 
in  the  evening  by  a  sidereal  dock. 


h*    in*    I.  h.    m.    s« 

Capella,  1*=  5    5  30.20         Rigel,  t=-  5    7  12.80 

»'=  5    5  29.27  «=  5    7  14.73 


nu    s>  Bou    fk 

Hence,  »— •'=  1  45.46       and  t-^=  1  42.60 


Whence,  («—•')— (*—<')=^=        •        •        •        .       +2.86 

•  If  D»=  .(*— •'^•"<*-0  ^^  ^Q  gjgQ  ^  D  ^qq]||  giYQ  t^e  correotion  of  the  ob- 
aenred  tame  with  its  proper  sign,  which  would  be  the  contruy  of  those  stated  abore. 
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•         / 


l=z55  67  N. 
2=45  60  y. 


1^^=10    7 


It: 


0^52 
0.912 


•     / 


sec    0.1669 


56  67  N. 
^'=    8  28  S. 


sec  0.0048 


sin     9.2447         l+V=  64  20   '      sin  9.9649 


log    9.4016 


1 


A= 


0.660  a,  e.  L 
•f2*.86  log 


I>=+1 .093  log 


0.1805 
0.4664. 


0.0385+ 


n'=  0.912         log  9.9697 


a.  e.  L 


0.1805 
0.4564  J 


D'=+3'.95  log  0.6966+ 


Wherefore,  f=        6    6  30.20 
a'=         6    5  29.27 


r— a'= 


Cor.  of  clock. 


+ 
+ 


0.93 
1.09 


D'= 


2.02         Cor,  of  clock. 


h.     m.    ■. 
6    7  12.80 

6    7  14.73 

—        1.93 
+         3.96 

+         2.02 


JExample  3. — On  the  24th  of  April  1828,  the  following  obseira- 
tions  were  made  at  Paris  on  y  Ursae  Majoris  above  the  pole,  and 
on  P  Cephei  under  the  pole. 


h.    m.    I. 
7  UrsBB  Maj.  «=11  44  13.80, 

P  Cephei       1"=  9  26  64.80, 


^-fsn  2  18  19.00, 
'=  2  18  22.61 


b.    m.     a. 
a=ll  44  47.10,  «'=— 0.176 

a'=  9  26  24.49,  fi=:+ 2.642 


'=  2  18  22.61,    n'-n— -2.718 


A=- 


3.61  to  the  right 


—3.61 


Hence  making      i?=__q'.='*' 1**33,        ^e  have 


.  fi  *=2.642  X  1-^33= + 3"^,  and  n' 


.l76xl-.33=:— 0'.23 
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h.     b.   m.    1.  h.    m.    s. 

Whence  to  a— 12s=9  26  24.49,            and    d=  11  44  47.10 

Apply  i»«           =+        8.38,           and»'«">  —         O,^ 


Transit,  .         9  26  27.87,  H  44  46.87 

r  .         9  26  54.80,  i  11  44  13.80 


Clock  alow  of  S.  T.  33.07  33.07 

Bemaitk  1.  When  a  circmnpolar  star  is  observed  between  the 
pole  and  the  zenith  of  the  upper  meridian,  the  same  formulas  applj 
since  n  is  then  negative,  because  d  exceeds  I, 

2.  If  the  transit  is  taken  between  the  pole  and  the  horizon,  the 
same  formulas  will  still  answer,  bj  diminishing  the  right  ascension 
of  the  star  by  12^  and  changing  the  sign  of  d.  The  deviation  of 
the  telescope  pointing  to  the  north  is  still  reckoned  to  the  ri^t, 
when  X  is  positive ;  but  here  this  side  is  found  towards  the  east. 
The  contrary  takes  place  when  x  is  negative.  When  two  circom- 
polar  stars  are  observed,  the  same  remark  is  applicable  to  both. 

3.  When  the  same  star  is  observed  at  both  passages,  superior 
and  inferior,  the  preceding  rule  is  applicable  to  both,  the  right 
ascension  of  the  star  must  be  diminished  by  12^  for  the  inferior 
passage,  and  the  sign  oid  must  be  changed. 

The  transit  instrument,  besides  its  use  in  astronomy,  may,  when 
properly  adjusted,  be  successfully  applied  to  many  purposes  of 
engineering,  such  as  determining  the  direction  of  tunnels  in  rail- 
ways,  and  other  similar  operations,  where  great  accuracy  is 
required. 

If  such  means  had  been  properly  applied,  the  errors  in  the  line 
of  direction  which  have  sometimes  happened  could  scaroely  have 
occurred. 

It  may  likewise  be  employed  in  determining  the  direction  of  the 
meridian,  when  required  in  trigonometrical  surveying,  and,  when 
sufficiently  powerful,  is  undoubtedly  the  instrument  best  calculated 
for  that  purpose. 
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Table  I.—Dq>re88ion  or  Dip  of  the  Horizon. 

The  dip  of  the  homon  is  the  angle  contained  between  a  line  per- 
pendicular  to  the  plumb-line,  passing  through  the  eye  of  the  observer, 
elevated  above  the  level  of  the  sea,  and  a  line  from  his  eye  to  the 
visible  horizon  when  they  are  in  the  same  vertical  plane.  This 
table  contains  the  apparent  dip  answering  to  a  free  unobstructed 
horizon,  diminished  by  0.08  of  itself,  or  of  the  intercepted  arc  for 
the  effects  of  refraction. 

1.  The  numbers  in  the  table  corresponding  to  the  height  of  the 
eye  of  the  observer,  is  to  be  sub^acUd  from  the  observed  altitude 
when  taken  by  the  fore  observation  with  Hadley's  quadrant  and 
similar  instruments,  but  added  to  it  in  case  the  altitude  be  taken 
by  the  back  observation.* 

2.  This  has  been  the  principal  use  to  which  analogous  tables 
have  hitherto  been  applied,  but  it  may  be  often  advantageously 
employed  for  other  purposes,  which  has  been  an  inducement  to 
extend  it  a  little  beyond  the  usual  limits.  Since  the  true  dip  has 
been  diminished  by  0.08  or  about  I'l  of  itself  to  reduce  it  to  the 
apparerU^  it  consequently  follows  that,  if  the  apparent  dip  be  in- 
creased by  double  of  0.08,  or  0.16,  equal  to  ^  of  itself  nearly,  the 
result  will  be  the  distance  of  the  visible  horizon  in  geographical 
miles.. 

3.  If  the  apparent  dtp  be  measured  with  a  good  theodolite  or 
astronomical  circle,  the  corresponding  height  of  the  instrument 
above  the  sea  will  be  found  by  the  table  with  as  much  accuracy  as 
the  nature  of  the  horizontal  refi'action  wUl  admit. 

•  B^ond  the  limits  of  the  table,  Dip  to  A  ^  2  dip  to  |  A. 
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Examples. — 1.  To  the  height  of  the  eje,  16  feet  in  the  first 
column,  will  be  fonnd  3'  56'}  the  dip  in  the  second. 

2.  To  the  height  of  the  eje,  500  feet, 

there  will  be  foimd,  .22' 

To  this  add  ^  of  itself,  •      3f 

Sam  or  distance  of  the  horizon,  s=25}  miles. 

3.  From  a  point  on  Inchcolm  the  anthor  obserred  the  depres- 
non  of  the  horizon  of  the  sea  down  the  Firth  of  Forth  to  be 
8'  21'.2 ;  required  the  height  of  the  instrument  above  the  sea  ? 


By  the  table  to  dip,  .     =8'  14''  the  height  is  70     feet. 

Proportional  part  to     .  .  7*2  +2.1  feet. 

Height  of  instmment  for  8  21.2  =  72.1  feet. 


Table  n. — Correction  of  the  Apparent  AUitudea  of  the  Sun  amd 

Stars. 

In  this  table  the  altitude  is  found  in  the  first  colimin  ;  the  starts 
correction  or  mean  refraction  in  the  second ;  and  the  difference  be- 
tween the  mean  refiuction  and  the  sun's  mean  parallax,  constitu- 
ting the  sun's  correction,  in  the  third. 

Examples. — 1.  Bequired  the  correction  of  the  altitude  of  a  star 
which  was  observed  to  be  22°  30'  ? 

Answer, 2' 20".0 

2.  Bequired  the  sun's  correction  at  an  altitude  of  31''  20"? 
Answer,  ......       1'  8C.3 

These  are  the  true  corrections  when  the  English  barometer 
stands  at  30  inches,  and  Fahrenheit's  thermometer  at  50°,  and  are 
always  to  be  subtracted  from  the  apparent  altitude,  or  added  to  the 
apparent  zenith-distance,  to  obtain  the  true. 
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Table  m. — To  Correct  the  Mean  Befractian. 

When  the  barometer  differs  from  30  inches,  and  the  thermome- 
ter from  50'',  the  mean  corrections,  as  above,  may  be  reduced  for 
the  effects  of  pressure  and  temperature  by  this  table  with  sufficient 
accuracy,  when  altitudes  are  taken  with  the  ordinary  theodolite  or 
sextant.  These  corrections  must  be  applied  according  to  the  signs 
in  the  table.  Thus,  in  the  first  example  to  the  preceding  table, 
let  the  observed  height  of  the  barometer  b  =29*".67,  and  the  tem- 
perature by  Fahrenheit's  thermometer  t  =84^,  then 

To  the  mean  refraction  formerly  found,  .  .2^    20'' 

There  mnst  be  applied  for  the  altitude  22'  SO',  and  &=29''.57,      —     2 
For  altitude  22°  80',  and  t=84%  .  .  .        —  10 


True  refraction, 

2     8 

or  the  star's  correction  to  be  subtracted. 

« 

In  like  manner  for  the  second  example. 

To  the  mean  correction,      .... 

1'  3d'^3 

For  altitude  31*  20',  and  6»30^.28, 

+    1  .0 

For  altitude  81*  20',  and  f =30*  Fahrenheit, 

+    4  .0 

The  8un*8  true  correction,  1  41  .8 

and  so  on  in  similar  cases. 

Table  IV. — Correction  of  the  Apparent  Altitude  of  the  Moon* 

This  table  contains  the  difference  between  the  moon's  parallax 
in  altitude  and  the  mean  refraction,  and  must  be  always  added  to 
the  apparent  altitude  to  obtain  the  true.  To  the  moon's  apparent 
altitude  in  the  first  column  on  the  left,  and  under  the  minutes  in 
the  moon's  horizontal  parallax  at  ^e  top,  will  be  found  the 
correction  for  the  nearest  less  degree  of  altitude  and  minute  of 
parallax ;  and  the  proportional  parts  for  minutes  of  altitude  and 
seconds  of  parallax  are  found  in  the  two  adjacent  right  hand 
columns,  taking  care  not  to  neglect  the  parts  to  (/  of  altitude,  as  for 
the  sake  of  the  convenience  of  having  all  the  parts  additive^  the 
construction  of  the  table  requires. 

Example — Let  the  moon's  apparent  altitude  be  32®  40',  and 

2k 
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the  equatorial  horizontal  parallax  68'  32' ;  required  the  true  cor- 
rection when  the  barometer  stood  at  29.6  inches,  and  Fahren- 
heit's thermometer  at  72''  ? 

To  app.  altitude  82*  and  horizontal  parallax  58^  correction,       --M^'  10" 
To  app.  altitude  0"  40'  proportional  parts,  .  .         -{-       10 

To  seconds  of  parallax  32^^  .  .         -f-       ^ 

Tme  correction  for  6=30o,  and  1^=50% 
To  6=29>».6  and  altitude  82''  40'  correction, 
To  t=i72''  and  altitude  32<>  40"  correction, 

True  correction,  .  .  47  52 

for  real  temperature  and  preasuroi  ^here,  according  to  the  remark 
at  the  foot  of  Table  III.,  the  corrections  depending  upon  b  and 
t  have  been  applied  with  signs  contrary  to  those  marked  in  the 
table. 


47 

47 

+ 

1 

+ 

4 

Table  V. — Mean  Refractions. 

This  table  contains  the  hgariihma  of  the  mean  refractions  at  30 
inches  of  the  English  barometer,  and  50**  of  Fahrenheit's  thermo- 
meter. It  is  succeeded  by  Tables  VI.,  VII.,  yiH.,  IX.,  and  X., 
to  reduce  it  to  anj  other  pressure  and  temperature,  either  for  the 
English  barometer  and  Fahrenheit's  thermometer  by  the  first  three 
auxiliary  tables,  or  for  the  metrical  barometer  and  centigrade  ther- 
mometer by  the  two  last,  in  which  the  logarithms  for  r  and  I  are, 
as  is  frequently  the  case,  united  in  one  with  the  argument  i^  a  me- 
thod that  in  general  cannot  sensibly  affect  the  accuracy  of  the 
results.  Logarithmic  tables  of  refraction  are  used  by  all  astrono- 
mers where  extreme  precision,  combined  with  fadlity  of  calcula- 
tion, are  required. 

Examples.—!.  Let  the  zenith-distance  e  be  68*  66'  36*,  the 
barometer  &  =  28.80  inches,  and  the  thermometers  r  and  teach  66'' 
Fahrenheit ;  required  the  refraction  ? 


For  e      «      68'  40'  log  d  B, 

Prop,  part  for        16.6=87.1  x  16.6= 
h      =      28^80    log  (Table  VL) 
T      =      66'    .     log  (Table  Vn.) 
/      =      66-    .     log  (Table  Vm.) 


2.17171 
•f  679 
9.98227 
9.99935 
9.98663 


r      =       2'  19".87=189"  87,    ...  log    2.14676 
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2.  Let  ^==87*»  42'  10",  b  =29^50,  r  and  t  =35** ;  required  r, 
the  refraction  ? 


For  ^      =      87-  40^    0"    log  d  ^  . 
Prop,  parts  for        2   10       . 
b      =      29«".60     . 

t      =      36"     .      . 


log  as  before, 

log, 

log, 


dhe 


r'     = 


~  X  (35*-50*)=  — 0'^691  X  — 16*    = 


dhB 


3.00522 
392 
9.99270 
0.00065 
0.01379 


^x  (29^5  — 30*")=+r.04x— 0.5= 
r  as  observed  by  Brinkley, 


DifTerence  between  theory  and  observation. 


1038''.20  log 

3.01628 

+  8  .86 

—  0  .52 

1046  .54=17' 

26''.54 

17 

26  .50 

0  .04 


3.  Let  ^=88***  24'  9'.7,  the  metrical  barometer  6 = 755  milli- 
metresy  and  r  and  t  each  8°.75  centigrade ;  required  the  refrac- 
tion? 


h 
t 


88^  24'  9".7    log  a  e, 
756"^»  log  (Table  IX.) 

8'.75  cent.      log  (Table  X.) 


d^B 


dr 

d^e 
dp 


X  (8«.75-10'>) 
(756M  _762' 


—  0".91x  —1.25x1.8 


)=+1.65x— 7x0.04 


r  from  observation  by  Plana,    . 

Difference  of  theory  from  observation, 


8.08930 

0.00214 

1223''.001og    3.08743 
=  +  2.05 

=  —0.46 


=1224.59=20'  24".59 
20   24  .30 


+      0  .29 


From  these  instances,  it  is  evident  that  the  table  gives  the  value 
of  the  refraction  with  great  accuracy.  It  must  be  added  to  the 
zenith-distance  and  subtracted  from  the  altitude.  The  reason  that 
the  first  small  correction  of  r  is  multiplied  by  1^8  is,  that  l"" 
centigrade  is  equal  to  1''.8  Fahrenheit,  that  to  which  the  cor- 
rections in  the  table  are  adapted ;  and  as  39*".371  are  equal  to  a 


616  EXPLANATION  OP  THE  TABLES. 

metre,  the  second  must  be  multiplied  by  i^  of  this,  or  even  bj 
0.04  as  sufficiently  accurate.* 


Table  XI. — Logarithms  to  compote  the  value  of^  Goefficieni  of 

Terreatnal  Befraction, 

In  the  practice  of  Trigonometrical  Levelling,  it  is  of  the  ntoiost 
importance  to  get  the  value  of  terrestrial  refraction  truly.  Hitherto 
it  has  generally  been  the  practice  to  determine  occasionally,  from 
numerous  observations,  its  mean  value  by  reciprocal  and  simulta- 
neous measures,  and  to  employ  it  either  exactly  as  obtained,  or 
under  assumed  variations  in  all  cases.  Keflecting  on  the  inaccm- 
racy  of  this  plan,  I  endeavoured  to  investigate  a  formula  which 
would  give,  with  as  much  precision  as  the  nature  of  the  case 
seemed  to  admit,  the  value  of  the  coefficient  of  terrestrial  refrac- 
tion, and  from  which  the  present  table  has  been  derived.t 

To  employ,  in  the  computation  of  n.  Tables  YI.,  Vll.,  and 
Yin.,  it  will  be  necessary  to  add  the  log  of  30  or  1.47712  as  a 
constant  log  to  the  log  from  Table  XI.,  in  such  heights  where  the 
barometer  does  not  fall  below  27  inches,  the  under  limit  of  Table 
VI.  The  reason  why,  for  simplification,  this  constant  log  was  not 
added  to  the  logs  in  Table  XL  when  computed,  was,  because  at 
considerable  heights  the  barometer  would  frequently  be  under  27 
inches. 

When  the  ray  of  light,  however,  traverses  the  atmosphere  very 
near  the  earth's  surface,  neither  theory  nor  observation  will  give 
tlie  coefficient  of  refraction  with  accuracy,  on  account  of  the  irre- 
g^ularities  to  which  it  is  then  subjected  by  variations  of  temperattue, 
&c  ;  but  this  is  no  reason  why  it  should  not  be  obtained  as  accu- 
rately as  possible.      No  astronomer  would  think  of  applying  to 

*  The  refraction  may,  independent  of  tables,  be  readily  computed  by  the  following 
formula : — 

r"  =  846''.4tan(a— m"tanJ)Y        •        .        .    ^(1) 

(eft*  __ 
1  +       i()oOO^  )  ^^  T  =  885«  +  t 

When  d  does  not  exceed  40°  or  BO*, 

r"  =  846^4  tan  >  ~  very  nearly.        *.       .        .       (^ 

Log,  — 197"  =  2.29449  — ,  log  846".4  =  2.92758  + 
t  See  the  Edinhurgh  New  Philo$ophioal  Journal  for  April  1841. 
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observalionfl  the  mean  refraction,  without  correction  from  the  state 
of  the  barometer  and  thermometer,  especially  at  low  altitudes. 

Example  1. — ^Let  the  barometer  J=  29.75  Inches,  the  attached 
thermometer  r=64'',  and  the  detached  t=6A''  Fahrenheit;  re- 
quired n  the  coefficient  of  refraction  ? 

For  ft  «  29«".76  and /=64o  (Table  XL),                     .  log    7.44997 

r  «  64*    log  X  2  (Table  VH.),    .  9.99880 

t  =.  640    log  (Table  Vm.),  9.98761 

b  «  29.75  log 1.47349 


n    =    0.08124    log  ....  8.90977 

Example  2.— Let  fr=28*".4,  r=52^  Fahrenheit,  *=46*  Fah- 
renheit ;  required  the  value  of  n? 


Constant  log,  or  that  of  80  inches,    . 

b    B    28*>.4  and  /=45o  gives  by  Table  XL, 

b    =    28*".4  gives  by  Table  VI.,     . 

T    =«    62**     gives  by  Table  Vn.,    . 

t    =    45*     gives  by  Table  vm.,  . 


1.47712 

log    7.46175 

log    9.97620 

2  log    9.99982 

log    0.00455 


n    »    0.08118,        .....  log    8.90944 


Table  XII. — Parallax  of  the  Sun  in  AUUude  or  Zentth-distance. 

The  parallax  of  the  sun  on  the  first  day  of  each  month  at  the 
top,  and  to  every  third  degree  of  altitude  in  the  left  hand  column, 
or  zenith-distance  on  the  right,  will  be  obtained  from  this  table  hj 
inspection ;  and  for  any  intermediate  day  or  degree  it  may  be 
readily  found  by  interpolation,  as  will  be  subsequently  exemplified. 


Table  XIII. — Paralhx  of  the  Planets  in  Altitude  or  ZenOh- 

distance. 

This  is  precisely  similar  to  the  last,  and  is  used  in  the  same 
manner. 

Example. — Required  the  parallax  of  Venus  at  an  altitude  of 
30""  on  the  first  of  December  1840,  when  the  horizontal  parallax 
was  12''.6  ? 


10. 

8.7 

2. 

1.7 

0.6 

0.5 
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To  altitade  30  and  parallax, 

•  ••  Ov  ••«  •  •  • 

« ••  O  w  •  •  *  •  •  • 

To  altitade  30  and  hori20Dtal  parallax,      .        12.6  10.9 

Hence  the  parallax  in  altitade  is  found  to  be  10''.9. 


Table  XIV. — AugmerMAon  of  the  Moon's  Semidian^eter  tn 

AUttude  or  Zenith-distance. 

With  the  moon^B  semidiameter  at  the  top,  and  altitude  on  the 
left,  or  zenith-distance  on  the  right-hand  column,  will  be  found 
the  augmentation  to  be  added  to  the  semidiameter  on  that 
account. 


Table  XV. — Reduction  of  the  MootCs  Parallax  on  the  Spheroid, 

With  the  moon's  equatorial  horizontal  parallax  at  the  top,  and 
the  latitude  on  the  left-hand  column,  the  reduction  to  be  sitbtraded 
from  the  moon's  equatorial  horizontal  parallax,  to  reduce  it  to  the 
given  latitude,  will  be  found. 


Table  XVI. — RedvcHon  of  the  Latitude  on  the  Spheroid* 

With  the  observed  latitude  on  the  left,  the  reduction  will  be 
found  on  the  right,  to  be  subtracted  from  the  observed  latitude,  to 
get  the  reduced  latitude,'  or  that  referred  to  the  centre  of  the  earth 
considered  as  a  spheroid  of  s&s  of  compression. 


Table  XVII. — Reduction  to  the  Meridian. 

The  method  of  determining  the  latitude  bj  repeated  observations 
near  the  meridian,  makes  the  smaller  classes  of  instruments  much 
more  efficient  than  they  otherwise  would  be.  Indeed  it  renders 
them  much  more  nearly  equal  to  the  larger  classes  of  instruments, 
such  as  the  mural  circles,  than  could  have  been  anticipated.    There 
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are  various  methods  of  accomplishing  this.  In  many  cases  the 
numbers  in  the  table  are  given  in  seconds  of  arc  and  decimals,  in 
others  thej  are  merely  versines.  The  late  Br  Thomas  Young  first 
gave,  I  believe,  a  small  table  of  versines  for  this  purpose  similar  to 
ours.  I  have,  however,  extended  the  numbers  in  the  column  titled 
V  to  one  place  more  than  his,  which  includes  quantities  to  the  first 
order  only.  To  this  I  have  added  another  column  v,  entirely 
omitted'in  Young's,  embracing  quantities  to  the  second  order  in  the 
formula,  which  cannot  be  dispensed  with  when  the  zenith-distance 
is  small,  not  greater  than  about  lO"";  and  the  time  extending  to 
about  ten  minutes  from  the  meridian,  &c. 

In  this  way  the  numbers  are  all  integers,  which,  by  those  not 
very  familiar  with  decimal  fractions,  render  them  more  easily 
manageable ;  while,  by  means  of  the  logarithms  corresponding  to 
the  number  of  the  observations  at  the  end  of  the  table,  the  results 
will  be  readily  converted  into  seconds  of  arc.  The  observations  are 
generally  taken  in  pairs,  and  therefore  logarithms  of  the  even  num- 
bers will  generally  be  enough,  though  the  logarithm  for  one  obser- 
vation, which  may  occasionally  be  required,  is  also  given. 

Example  1.  Bequired  the  value  of  Y  and  v  for  12'°  36"  from  the 
meridian? 

By  the  table,  under  12°^  at  the  top,  and  opposite  36'  in  the  left- 
hand  column,  will  be  found  V  =  15109,  and  v  =  2283. 

2.  Let  the  time  from  the  meridian  exceed  the  limits  of  the  table, 
then  the  value  of  Y  to  halfihe  time  being  quadrupled^  will  be  the 
value  to  the  whole  time  nearly ;  and  the  value  of  t?  to  half  the  time 
multiplied  by  16  will  give  the  value  of  v  also  for  the  whole  time 
nearly. 

Thus,  let  the  time  be  20»  40*,  then  "to  one-half  of  this,  or  10"  20*, 
Y'  ^  10163  and  If  =  1033,  whence  Y  =  10163  x  4  =  40652, 
and  V  =  1033  x  16  =  16528  nearly.  The  true  values  of  these, 
by  direct  calculation,  being  Y  =  40630  and  v  =  16508.  The 
differences  would  not  materially  affect  the  accturacy  of  the  final 
result  in  any  ordinary  case,  especially  when  combined  with  a  num- 
ber of  other  values  near  the  meridian  within  the  limits  of  the  table. 
It  would  not  be  desirable,  however,  to  extend  observations  beyond 
the  limits  of  the  table ;  and  it  will  be  conducive  to  accuracy  to 
take  always  an  equal  number  of  observations  nearly  equidistant,  on 
each  side  of  the  meridian,  to  avoid,  as  far  as  possible,  the  effects  of 
any  little  uncertainty  in  the  time. 
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If  the  sun  be  the  object|  the  observations  should  be  taken  by  & 
watch  showing  mean  solar  time — ^if  a  star,  by  a  watch  ahowing^ 
sidereal  time. 

If  the  sun  be  the  object,  and  the  watch  regulated  to  udereal  time, 
Y  must  be  multiplied  by  0.9945466,  the  square  of  the  number  to 
convert  sidereal  into  mean  solar  time,  of  which  the  logarithm  is 
9.997625 ;  and  if  the  watch  be  regulated  to  mean  solar  time  when 
a  star  is  observed,  Y  must  be  multiplied  by  1.0054833,  of  wliich  the 
log  is  0.002375,  to  convert  the  effect  from  mean  solar  into  that 
from  sidereal  time. 


Cor.  = 


55 


10000 


11 
2000 


250  ■*■  io^^^'^^y- 


When  the  watch  does  not  go  accurately  to  either  times,  the 
valueof  Y  must  be  fiirther  multiplied  by  1  +  0.00002315  r,  whose 
log  is  0.000010053  r,  in  which  r  is  the  rate  of  the  watch,  reckoned 
PLUS  when  LOSING,  and  minus  when  gaining.  When  r  is  negative^ 
the  arithmetical  complement  of  the  log  denoted  by  0.000010053  r 
must  be  taken.* 


TABLE. 

GOEBBCnOir  or  THS  &«>CWTIOK  TO  THS  MBRIDIAN  VOR  THB  RATS  OW  THB  CHRONOMBTSB. 

] 

IiOfMtttiBU  tor 

LogariUnu  Ibr 

B«i«. 

i>.*A 

Gaining. 

Losing. 

Gaining. 

iMiBg.                      1 

1 

9.909990 

0.000010 

8. 
11 

9.990889 

0.000111 

2 

999960 

000090 

12 

999879 

000121 

3 

999970 

000090 

IS 

999869 

000131 

4 

999900 

000040 

14 

999859 

OOOUl 

6 

999950 

000060 

15 

999849 

000151 

6 

999940 

000000 

16 

999839 

000161 

7 

999930 

000070 

17 

999829 

oooin 

8 

999020 

000080 

18 

999819 

000181 

9 

999910 

000090 

19 

999609 

000191 

10 

999699 

000101 

20 

999799 

000201 

1 

1 
For  proportional  ^luti^—Svlbtrael  a  unit  for  each  ietdh  of  a  second  in  the  last  place     ; 

of  dec 

gaming  J  jmd  add  i 

k  unit  for 

each  tenth  of  «  sec 

»nd  for  losing. 

1.  To  convert  the  effect  from  sidereal  to  mean  solar  time,  C.  L. 

2.  To  convert  the  effect  from  mean  solar  to  sidereal  time,  C.  L. 


+  9.997625 
+  0.002375 


*  There  has  been  added  to  Shortrede's  vexy  extenBive  and  accurate  Logaritiimic 
Tablets,  first  impression  in  1844,  a  table  for  this  express  purpose  by  the  Editor  of  this 
work,  from  which  the  logarithmic  correction  of  the  rate,  as  well  as  the  logarithms, 
for  adapting  the  chronometer  to  mean  solar,  or  sidereal  time,  as  the  case  may  require, 
are  readily  taken  by  inspection.    See  page  843. 
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If  these  rates  .be  small,  and  the  distance  from  the  meridian  mode- 
rate, their  effects  will  hardly  be  sensible. 

When  the  zenith-distance  exceeds  30%  the^r^^  term  of  formula 
(6),  page  337,  will  be  sufficient ;  and  if  the  object  is  below  the  pole, 
the  reduction  must  be  applied  with  a  contrary  sign.  The  most 
eligible  zenith-distance  for  this  mode  is  from  about  10°  to  60^. 

On  applying  this  table  in  formulae  (11)  and  (12),  page  355,  J  Z  is 
positive  when  the  star  is  above  the  pole,  negative  when  below  it ; 
dm\&  positive  when  the  star  is  in  the  semicircle  farthest  from  the 
referring  lamp  or  staff,  negative  when  nearest.  Consequently,  in 
page  356,  line  12  from  the  top,  the  reduction  to  the  centre  was 
really  —  33''.18,  but  to  render  d  m  positive,  so  that  all  the  columns 
might  be  added^  the  double  of  —  1''.26,  the  mean  of  these,  or 
—  2-.52,  was  added  to  —  33M8,  making  it  —  35".70,  which 
artifices  are  admissible,  at  the  option  of  the  computer,  when  they 
conduce  to  facility  or  convenience. 

Table  XVIII. — Logarithms  to  compute  the  Equation  to  Ecpial 

Altitudes  and  Equal  AzimuAs.* 

The  first  column  in  this  table  contains  the  elapsed  time,  E.  T. 
between  the  observations,  and  is  the  common  argument  to  the 
other  three  columns  A,  B,  C.  The  two  first,  A  and  B,  are  em- 
ployed to  compute  the  equation  to  equal  altitudes  in  seconds  qftimCj 
and  C  to  compute  the  equation  to  equal  azimuths  in  seconds  of  arc. 

The  computation  of  the  equation  to  equal  altitudes  is  performed 
by  the  following  rules. 

1.  To  the  log  A,  from  Table  XVIII.,  add  the  log  tangent  of  the 
latitude,  the  log  of  the  hourly  variation  of  the  sun'^s  declination 
from  the  Nautical  Almanac^  to  be  marked  positive,  or  + ,  when  the 
polar  distance  is  increasing,  and  negative,  or  — ,  when  decreasing ; 
the  sum  of  these  three  logarithms  will  be  the  log  of  part  first  of  the 
equation  for  noon.    The  signs  must  be  reversed  for  midnight. 

*  These  tables  were  formed  by  the  author  to  enable  computers  to  employ  the 
hourly  yariations  of  the  sun's  declination  directly  from  the  Nautical  Almanac. 

When  equal  altitudes  are  observed  on  the  forenoon  and  afternoon  of  the  given  day, 
it  wou]d  contribute  to  greater  accuracy  to  tidLe  half  the  sum  of  the  hourly  variations 
for  the  given  and  preceding  days.  If  the  equal  altitudes  are  observed  on  the  even- 
ing and  succeeding  morning,  half  the  sum  of  the  horaxy  variations  for  the  given  and 
following  days  should  be  taken.  The  log  /a  from  the  Berlin  Ephemeris  may  be  em- 
ployed when  the  constant  log  8.81876  is  added. 

In  the  application  of  these  tables,  great  care  must  be  taken  of  the  tigns  of  the  dif- 
ferent quantities,  as  the/rrt  part  has,  in  one  case,  by  Baron  Zach,  in  his  NoutdltB 
Tablet  d'Aberration,  ftc,  and  copied  by  Woodhouse  in  his  Astronomy,  been  taken 
with  a  wrong  sign,  making  the  equation  -I- 4*.  75,  instead  of — 5*.19. 
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2.  To  log  B  add  the  log  tangent  of  the  declination  to  be  reckoned 
poaitivej  if  the  polar  distance  is  leas  than  90*,  bat  negatiTe  if 
greater ;  and  the  log  of  the  sun's  hourly  yariation  reckoned  poatiTe, 
if  the  polar  distance  is  decreaong,  but  negative  if.  increasing ;  the 
sum  will  be  the  log  of  the  second  part  of  the  equation  for  noon  or 
midnight. 

8.  To  the  log  C,  from  Table  XYIII.,  add  the  log  secant  of  the 
latitude,  and  the  log  of  tiie  sun's  hourly  motion  from  the  Nauiical 
AbnanaCj  the  sum  will  be  the  equation  to  equal  azimuths,  in  seconds 
of  arc,  to  be  allowed  to  tiie  left  of  the  meridian  indicated  on  the 
horizontal  circle  for  the  noon  of  the  same  daj,  when  the  polar  dia- 
tance  is  decreasing,  but  to  the  right  if  increasing.  The  signs  most 
be  reversed  for  midnight,  or  the  correction  for  the  meridian  most 
be  allowed  to  tiie  right  when  the  polar  distance  is  decreasing,  but 
to  the  left  when  increasing. 

» 

Example  1.— At  Madeira,  in  latitude  32''  38'  25''  N.,  longitude 
V  7».35-  W.,  on  tiie  8th  of  August  1840,  at  9^  65»  34».2  forenoon, 
and  4^  26™  26*.5  afternoon,  bj  chronometer,  the  sun  had  equal 
altitudes ;  required  the  time  of  apparent  noon  ? 

^  (16  26  26.5  +  9.66  84.2)  =  Approx.  noon  =  13  11    0.35 
E.  T.  =  (16  26  26.6  —  9  56  34.2)  =  .  .  6  30  62.30 

LogA  •  .  .  +9^99  LogB  .  .  4-9.2779 
Lat.  32^'  38'.4  N.  tan  +  9.8066  Dec  16^  4'  N.  tan  +  9.4694 
a  <f=  + 43^.17     log         +1.6362    ....         —1.6362 

lBtpart  +  7'.97  log  +0.9016  2d  part —  —  2«.36  log  — 0.3725 
2d  part  —  2 .36 

E.  E.  A.  +  6.61  +  13*  11"  0'.36  —  12*   (App.  noon)   1*  11"  6*.99 

2. — ^At  the  same  place,  in  August  1840. 

Aagast  ath,  p.  m.  and  August  Mk^  a.  m. 

h.m.iL  h.  in.!.  h.    111.& 

j  (4  29  66.6  +  21  69  37.6)  =  App.  midnight  =  13  14  47.00 
E.  T.«  (21  69  37.6  —   4  29  66.6)  =  .         .  17  29  41.00 

Equation  to  equal  altitudes  for  Midnight. 

Log  A    .         .         .  +  9.8896    Log  B         .         •         —  9.7082 

Lat.  32"*  38'.4  N.  Un  +  9.8066  Dec.  16°  66'  N.  .  +  9.4666 
d</=-*43^.46    log         —1.6380    ....         —1.6380 


1st  term  — 2r.68  log         —1.3340    2d  term  +  6*.34    log    +0.8018 
2d  term  +    6 .34 


E.  E.  A.  — 16 .24  +  13*  14-  47'.00— 12*  (midnight)  =  1*  II*  31-.76 
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3.— On  the  28th  of  February  1840,  in  latitude  55**  57'  N.,  lon- 
gitude 12"  43*.6  W.,  in  an  interval  of  5"*  30*  0*,  the  sun  had  equal 
altitudes  when  the  azimuth  circle  read  ISO**  10'  15"  and  32»  36'  15% 
and  consequently  the  middle  point  =  J  (130^  10'  15"  +  32°  36'  15") 
=  81**  23'  15" ;  required  the  true  meridian  point  ? 

To  interval  fi**  30"  0*  log  C         .         .         .         0.6202 
Lfttituda  66"*  67' N.     log  secant  .         .         0.2619 

«(?=66*.69  log       .         .         .         .         .         1.7636 

K  E.  Az.  7'  2".3       =       422".3  log  2.6266 

Hence  if  from 81  23  16.0 

There  be  rabtracted        •        .         •        •        —    7    2.3 

The  remamder 81  16  12.7 

is  the  reading  of  the  instrument  when  set  to  the  true  meridian. 

4.  In  latitude  55°  56'  58"  N.,  on  the  10th  of  July  1848,  the  sun 
had  equal  altitudes  after  an  interval  of  8*"  lO"' ;  required  the  equa- 
tion to  equal  azimuths  ? 

Interval,  .  .  8i>  lO"*,  log  C  .  .  0.6682 
Latitude,  .  .  66''  66'  68"  N.  secant  .  0.2619 
Horary  variation,   .  —    19".76  log  .         1.2967  — 

—  164".4    log  .         2.2168 

Correction,    •         •  +2'44".4, 

or  to  the  right,  since  the  polar  distance  is  increasing. 


Table  XIX. — Logarithms  to  convert  Feet  on  the  Surface  of  the 
Terrestrial  Spheroid  into  Seconds  of  Arc^  and  conversely. 

This  Table,  of  great  use  in  Trigonometrical  Surveying,  contains 
the  logarithms  of  the  reciprocals  of  the  radii  of  curvature  in  any 
given  direction  multiplied  by  the  arc,  equal  to  the  radius  in  seconds* 
Log  M  are  those  on*  the  meridian,  log  P  those  on  an  arc  perpen* 
dicular  to  the  meridian,  and  log  0  those  in  any  oblique  direction 
indicated  by  the  azimuth  a  or  Z.  The  differences  for  each  degree 
in  M  and  P  are  given,  to  interpolate  more  easily  for  minutes  of 
latitude. 

Examples. — ^Required  the  log  M  for  latitude  51**  13'.5,  the  log 
P  for  50**  58'.3,  and  the  log  O  for  latitude  56*»  4'.5,  and  «  or  Z  = 
S.  106»  46'.4  W, 
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1.  *  To  latitude  6V  O'  log  M     . 

Prop,  parts  for  13.6 

Log  M  to  latitude  6V  ld'.5 

2.  To  latitude  5(y  0'  log  P 
Prop,  part  to  58'.3 

Log  P  to  latitude  60"*  58'.3 

3.  To  lat  66°  and  Z  =  100*»  log  O 
Prop,  parts  to  4'.6  of  latitude 
Prop,  parts  to  6^.8  of  azimuth 


Log  0  to  lat.  66°  4'.6  and  Z  106°  46'.4 


7.9940660 

—  167 

7.9340683 

7.9929688 

—  241 

7.9929347 

7.9928406 

—  19 
+    636 

7.9928922 


The  numbers  from  Tables  XX.  and  XXI.  are  taken  out  in  the 
same  manner.* 


Table  XKU.— Reduction  of  X  to  I 

This  table,  computed  from  the  formula  p^  ^  sin  1*  tan  X,  in 
which  X  is  the  latitude  of  the  foot  of  the  perpendicular  arc  from  the 
g^yen  station  on  the  meridian  passing  through  that  required,  andy 
the  length  of  that  arc  itself  in  seconds  of  arc,  gives  to  X  at  the  top 
of  the  page,  and  p'  in  the  left-hand  column,  in  minutes,  a  small 
correction  within  its  limits  to  be  subtracted  from  X  to  give  ^,  the 
true  latitude  of  the  required  point,  derived  trigonometrically  from 
the  first.  If  the  quantity  is  not  got  at  sight,  it  may  be  easily  found 
by  interpolation. 


Table  XXm. 

This  table  is  the  same  in  principle  as  the  last,  but  extended  to 
every  degree  through  the  British  Islands,  for  the  purpose  of  facili- 
tating calculations  made  within  its  range. 

*  .These  tables  were  computed,  from  the  equator  to  the  pole,  by  the  author  a  cou- 
eiderable  number  of  years  ago,  to  facilitate  coxuputations  in  Trigonometrical  Sui^ 
veying.  He  first  published  an  abstract  from  latitude  50*  to  60%  in  1838,  to  eveiy  10' 
of  latitude  and  10"  of  azimuth,  extending  over  the  British  Isles.  For  his  own  pno- 
tice,  he  has  interpolated  them  to  every  minute  of  latitude,  so  that  the  principal 
numbers,  log  M  and  log  P,  can  be  taken  out  by  inspection.  In  X347,  there  has  been 
published  in  the  Ordnance  Surrey  similar  tables,  on  slightly  different  data^  extending 
from  latitude  49"  to  61*  to  every  10'  of  latitude,  and  every  5"  of  azimuth^  which  wiU 
be  very  useful  within  their  limits.  ' 
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Example. — Eequired  the  reduction  of  X  to  Z,  when  X  =  57**  51' 
4".5,  and  f  =  24'  36"  ? 

X  =  67**  and  p'  «  24'  give  ...  —  7^73 

Prop,  parts  for  51'  of  X      .  .         .  —  0  .27 

for  36"  of/?"     .  .  —0.40 

Sum —  8 .40 

X 57°  51'    4.60 

/  the  tme  altitude 67  50  56  .10 


Table  XXIY. — To  reduce  a  Base  at  the  level. of  the  Sea  to  any 
height  above  %t^  or  from  any  height  above  the  Sea  to  its  level. 

Example  1. — ^Required  the  length  of  the  chord  K,  when  the 
arc  a  is  164045  feet^  and  height  above  the  sea  h  =  6562  feet  ? 

Log  a 

For  h  =  6000  feety  into 

600 

62 

For  a  =  100000feetypa' —  4 

64000ft.  A,  +  0.64  — Eq.  A.-  —13  +  0.64  — 1  -~       7 


+  6.2149630 
4-  0.0001246 
+  104 
+       13 


5.2150982 


Log  K  at  the  height  h 

2.  General  Boy's  scale  was  in  the  imperial  standard,  1.0000244, 
and  Bamsden's  scale  was  also  the  imperial  standard,  1.0000691, 


Whence  Roy's  base  was  at  62^  Fahxenheity 
'  Redaction,  27404  x  0.0000244  = 

Roy's  base  in  the  imperial  standard  » 

t       on  Hounslow  Heathy  100  feet  above  the  sea. 

General  Madge's  base. 

Redaction,  27404  x  0.0000691 »     '  . 

Madge's  base  in  the  imperial  standard  «- 

Mean  of  these  two  100  feet  above  the  sea, 
Redaction  for  100  feet  to  sea,     . 

Mean  base  at  the  level  of  the  sea, 
Redaction  of  the  arc  to  the  chord, 

Base  or  K  correctly  at  the  sea  level. 
Logarithm  of  K,       • 


3.  Log  of  base  on  the  Heath,  27405.4816 
Log  redaction  for  100  feet. 
Log  redaction  of  arc  to  chord,    . 


Logarithm  of  K  by  Table  XXIY., 
at  the  mean  level  of  the  sea. 


27404.0843  feet. 
+     0.6699 

27404.7542  (1) 

27404.3165  feet. 
+     1.8936 


27406.2091  (2) 

27405.4816 
— .  0.1310 


27405.3606 
—  0.0020 

27405.3486 
4.4378354 


4.4378375 

—  21 

—  0 


4.4378364 
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This  table,  therefore,  serves  to  reduce  bases  from  ilie  level  of 
the  sea  to  great  heights,  for  the  purpose  of  accurate  trigonometrical 
levelling,  or  for  reducing  a  measured  base  to  the  level  of  the  sea, 
in  order  to  extend  a  series  of  triangles  at  that  level  over  a  tract  of 
country. 

Table  XXV. — The  measure  of  one  MtntUe  of  Are  in  feet  at  ead 

degree  of  latitude. 

As  the  latitudes  and  longitudes  of  a  number  of  places  throughoat 
the  British  Isles  will  shortly  be  made  known  in  die  volumes  of  the 
Trigonometrical  Survey,  then,  by  taking  a  few  angles,  and  either 
measuring  a  base  carefully,  or,  if  possible,  selecting  a  distance  from 
the  survey,  the  position  of  any  particular  point  at  a  moderate  dis- 
tance may  be  readily  fixed  by  means  of  this  table.* 

Example. — In  the  island  of  lona.  Cam  Cul  ri  Eim  is  south  of 
Cam  Dunii  9965  feet,  and  west  of  it  8111  feet ;  required  the  lati- 
tude and  longitude  of  Cam  Cul  ri  Eim,  those  of  Dunii  being 
66^  20'  33"  N.,  longitude  6*^  23'  36"  W.  ? 

By  the  table,  1'^  of  latitude  at  56^  20'  is  6087.2  feet,  therefore 
9955  -^  6087.2  -  1'.65  =  V  39*  S.  Hence  66«  20'  33"  ^  1'  SS* « 
66^  18'  64"  N.,  the  latitude  of  Cam  Cul  ri  Eim. 

In  like  manner,  the  length  of  a  minute  of  longitude  is  3381.3 
feet ;  hence  8111  ^  3381.3  -  2'.4  -  2'  24",  therefore  6*  23'  36'  + 

2'  24"  -  6^  26'  0"  W.,  the  longitude  of  Cam  Cul  ri  Eim. 

■  • 

Formulae  to  compute  the  length  of  a  degree  of  latitude  and  longi- 
tude at  any  given  latitude. 

1.  Let  cf  =  the  length  of  a  degree  of  latitude  at  the  equator, 
d  =  that  at  any  given  latitude, 
/  =  the  given  latitude,  and 
e  =  the  eccentricity;  then 

^  In  Bome  tables,  such  as  in  Captain  Froine*8  Surveying,  and  in  Sunms  0* 
Maikewuaical  JnttrmmetiU,  the  column  titled  one  second  of  latitude  is  computed  on 
the  hypothesis  that  a  degree  of  latitude  is  equal  to  a  degree  of  longitude  on  ihe 
equator,  though  they  differ  about  2430  feet  from  one  another.  It  is  therefore 
entirely  erroneous. 

Thus,  D'  » 865169.1 

d'  » 862788.7 

D'  — <J'- 2480.4 
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3.6688686 
1.4789619 


=  i'+/Bin«/  +  ^8m*/        ....        (2) 

if  =  362738.7    feet,    log  ...      6.6696937 

/=     3621.34  feet,    log  ... 

^  =        30.13  feet,    log  ... 

2.  Let  ly  =  the  length  of  a  degree  of  longitude  at  the  equator, 
D  =  that  at  any  giren  latitude;  ti^en 

D  =  D'coB^(l+J«»sin*/  +  |«*«in*/    .    )    .       (3) 

=  D'co8/  +  m8in';  +  fi8in^; (4) 

Now,  making  a  :  6  :  :  300  :  299 

ly  =  366169.1  feet,    log  ...         6^6624940 

D'cos;^«>  =  m,       logi^   .        .         .         3^6221636 

D'  cos  /  *  0^  =  n,       log  I  «^    .         .         .         6.2203986 

Example  1. — ^Required  the  length  of  a  degree  of  latitude  at 
latitude  Se^"  ? 


/  =  66*  o'o* 
<f  =  362738.70 

Ist  term  =+2488.96 


sin  '/ 


9.8371484 
3.6688686 


log      ...         .         3.3960170 


2d  t«rm  =  +     14.23 


sin  V 
logy 


9.6742968 
1.47896 

1.16326 


l*  =366241.89,  and  1'  =  6087.366  feet 

Example  2. — Required  the  length  of  a  degree  of  longitude  in 
latitude  56^  ? 


/  =  66'»0'0^        cos 
D'  =  366169.10       log 


Ist  term  = 


\ 


2d  term  =  +    467.04 


3d  term  =  +       1.60 


; 


... 

•              .              .              < 

9.7476617 
6.6624940 

COS  /        . 

sin '/     . 
logi^ 

6.3100667 
9.8371484 

3.6221636 

log 

2.6693677 

D'eoel 

8^iog 

sin  */     . 

6.31006 

6.22040 
9.67430 

log 

=  3411.144  feet. 

0.20476 
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The  formula  to  compute  the  length  of  a  degree  perpendicular  to 
meridian,  or 


A  =  D'  (1  +  ^e«  Bin  »/  +  f  e*  sin*/) 
:=  D'  +  />  sin  '/  +  y  sin  */ 


(6) 


Example  3. — Required  the  length  of  a  degree  perpendicular  to 
the  meridian  in  latitude  56°  ? 

Now  the  value  of  D'  is  the  same  as  in  formula  (d)  and  (4),  and 

logp= 3.0846476 

log^= 0.7828925 


V  sin  */ 
D' =  365169.10  I 'feet, 


l8ttenn=+  835.21 


log     9.8371484 
log />  3.0846476 

log     2.9217960 


I  sin  H 


2d  term  =  -»-       2.87 


log     9.6742968 
log  q  0.7828925 

log     0.4671893 


7 


V  =  366006.18  and  1'—  6100.12  feet. 


Table  XXVI. — To  convert  Mean  Solar  into  Sidereal  Time, 

This  table  gives  the  quantity  to  be  ADDED,  as  expressed  at  the 
top  of  the  table,  or  the  acceleration,  as  it  is  generally  called,  at  the 
bottom,  to  be  added  to  any  quantity  of  mean  time,  to  reduce  it  to 
sidereal. 


Table  XXVn.— 7b  convert  Sidereal  into  Mean  Solar  Time. 

This  table  gives  a  portion  of  time  to  be  subtracted  (and  there- 
fore called  retardation)  from  a  known  portion  of  sidereal  time,  to 
reduce  it  to  mean  time.* 

The  conversion  of  the  time  of  any  phenomenon  recorded  in  side- 


**  This  Table,  XXYII.,  will  therefore  enable  an  observer  to  rate  a  chronometer  by 
obeerring  the  time  of  a  star's  attaining  a  constant  altitude  on  different  days* 
Comparing  the  obeeryed  acceleration  of  the  star  with  the  table  will  give  the  chro- 
nometor^B  rate  during  35  days,  the  extent  of  the  table,  which  wiU  generally  be  more 
than  sufficient 


k 
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real  time,  into  that  by  mean  Bolar  time,  and  conversely,  may  be 
performed  in  the  following  manner : — 

Let  m  be  the  mean  solar  time  at  the  place  of  obserration. 

9  the  corresponding  sidereal  time. 

tf  the  sidereal  time  at  mean  noon  on  the  meridian  of  the  place  of  obser- 
vation, deduced  from  the  NatUieal  Abnanac,  page  II.  of  each  month, 
by  Table  XXVI.,  the  reduction  from  which  is  +  in  west  longitude, 
and  —  in  east. 

a  the  acceleration  for  mean  time,  m,  by  Table  XXVI. 

a  the  acceleration  of  the  fixed  stars  for  the  sidereal  time,  i  —  0*,  from 
Table  XXVII.,  then 

m  —  (s  —  tf)  —  a  .         •         .         .         (A) 

* « tf  H  w  +  a  .         •  .  (B) 

Examples. — 1.  At  what  mean  solar  time  did  a  Aqnilas  pass  the 
meridian  of  Inchkeith  on  the  21st  of  August  1840  ? 

d;  the  sidereal  time  at  Greenwich  mean  noon,  k.  a.    ■. 

August  21,  1840,  by  NauHcal  Almanac^  .         9  69  29.28 

Reduction  for  longitude  12»  32"  W.,  (Table  XXVI.)  +         2.06 

tf  at  Inchkeith  mean  noon,         .         .  .         .        9  69  31.34 

8  the  R.  A.  or  Sid.  T.  of  transit  of  star,       •         .         .       19  43    2.06 


« —  0;  or  difference,  ....  .         9  43  30.74 

a  to  this  difference,  (Table  XXVII.,)  .  .        —  1  36.60 

m  =  (« —  tf)  —  a  s=  mean  solar  time,  .         .         9  41  36.14 

2.  On  the  14th  of  August  1840,  on  the  meridian  of  Paris,  in 
longitude  9*  21\33  E.,  at  22*'  22"  13\4  mean  solar  time,  what  was 
the  sidereal  time  ? 

h.    m.    s. 

9  at  Greenwich  mean  noon,  Nautical  Almanac^  9  81  53.41 

Reduction  to  9«  21-.3  E.  (Table  XXVI.)  —        1 .64 


w  at  Paris  mean  noon,  9  81  51.87 

m 22  22  18.40 

a  to  22'»  22- 18-.4  (Table  XXVI.)  .  -»■     8  40.49 


«B#  +  m  +  a=^  sidereal  time,  .   .  .  7  57  45.76 

3.  The  mean  time  of  a  star's  transit  may  be  found  by  means  of 
the  column  in  the  Nautical  Almanac  titled,  Mean  Time  of  Transit  of 
the  first  pomt  of  Aries,  or  of  the  mean  time  of  transit  of  the  vernal 

equinox. 

2l 
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Rule  1.  Bedaoe  the  star's  right  aacennon  in  sidereal  time  to 
mean  solar  time,  by  Table  XXVU. 

2.  Reduce  the  mean  time  of  transit  of  the  first  point  of  Aries  to 
the  place  of  observation,  hj  applying  the  redaction  answering  to 
the  longitude  firom  Table  XXVII.,  reckoned  addUive  in  east  longi- 
tude, but  subtractive  in  west. 

3.  If  the  sum  of  the  star's  ri^t  ascension  and  tranut  of  Aries 
exceed  24'',  take  the  transit  of  Aries  for  the  day  preceding  tbt 
given. 

Example.  Required  the  mean  time  of  transit  of  a  Aqdlfi  at 
Broddick,  in  Amm,  in  longitnde  20"  37*  W.,  on  the  16th  day  of 
August  1843. 

Star's  right  ascension  in  ddereol  time,    .  19  43  11.40 

Reduction  of  this  to  mean  time,  (Table  XXVII.)         —    S  13.84 


Star's  right  ascension  in  mean  time,        .  19  39  57.56 

Transit  of  Aries  at  Greenwich  on  15th,     14  24  39.40 
Redaction  to  20b  37*  of  long.  W.,  (T.  27.)—         3.38 


Transit  of  Aries  at  Broddick,  14  24  36.02, + 14  24  36.02 


Mean  time  of  transit  of  a  Aqnil»  on  the  16th,  =:  10  4  83.58 


Table  XXYIQ. — To  convert  Degrees^  MintUes^  and  Seconds  of 

Arc  on  the  Equator  into  Sidereal  Time, 

Example.  —  What   is    the    sidereal    time    corresponding  to 
56*^3840"? 


To  55    b    0  sidereal  time 
10    0 
38    0 
40 


To  56  38  40  sidereal  time 


h.  m.  i^ 
3  40    0 

4    0 

2  32 

2.667 

3  46  84.667 
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Table  XXIX. — To  convert  Sidereal  Time  into  Degrees^  Minutes^ 

and  Seconds  of  the  Equator. 

Example. — Bequired  the  arc  of  the  Equator  corresponding  to 
5"^  48"^  36'.48  of  udereal  time  ? 


h.    m.    ■. 

9             i            H 

To5    0    0    the 

arcis 

76    0    0 

48    0 

•                      ■                      •                      < 

12    0    0 

S6 

•                      •                      •                      < 

9    0 

0.4 

■                      •                      ■                      1 

6.0 

0.08 

•                      •                      •                      • 

1.2 

To  5  48  36.48  the  arc  is 


87    9    7.2 


Table  XXX. — Diurnal  Variaiiona, 

Ab  in  the  Nautical  Almanac^  and  other  Ephemerides,  the  places 
of  man  J  of  the  celestial  bodies  are  given  for  24*"  or  12**,  this  table 
will  serre  to  reduce  them  to  any  intermediate  time  very  readily. 

Example. — ^What  was  the  sun*s  lon^tude  at  Edinburgh  on  the 
21st  of  August  1840,  at  9*  41"  35',  or  at  9"  54"  18'  on  the  meridian 
of  Greenwich  ? 


LoDgitade  Slst,  at  mean  noon,    . 
22d,    • 

Variation  in  24i> 


148  25  19.0 

149  28  li.l 

+0  67  62.1 


Now  to  longitnde  2l8t, 
Prop,  parts  for  9i>  64"  18* 


Longitnde  required, 


148  25  19.0 
+     28  62.5 


148  49  11.5 


In  those  cases  where  there  are  differences  given  in  the  Nautical 
Almanac  for  one  hour,  ten  minutes,  &c.,  the  reduction  by  this 
table  is  then  unnecessary,  because,  when  the  time  of  observation  is 
known,  the  proportional  parts  may  be  obtained  by  multiplying  the 
variation  by  the  hours  and  parts  of  an  hour,  &c.  Thus  at  Lamlash, 
in  the  island  of  Arran,  in  longitude  20"  30'  W.,  on  the  11th  of 
August  1836,  at  6^  21"  30"  of  Lamlash  time,  or  adding  the  longi- 
tude (20-r30"),  because  it  is  west,  and  the  sum  6^  42"=  6^.7  is  the 


0 

16 

12  61.8  N. 

6     1.6 

16 

7  50.2  N. 

90 

0    0.0 
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Greenwich  time,  at  which  a  series  of  observations  on  the  sun  were 
made  to  determine  the  true  time  and  error  of  the  chronometer. 
For  this  time,  then,  the  sun^s  declination,  equation  of  time,  &a  are 
required  hj  the  Nautical  Almanac. 

August  11,  1886,  at  Greenwich  mean  noon,  the  sun^s 

decliDation  is,  .... 

Reduction=  — 45-.02  x  6\7=— 801-.6= 

Tme  declination  for  Lamlash, 


North  polar  distance,     .  .  74  62    9.8 

When  the  latitude  and  declination  are  of  the  same  name,  the 
declination  must  be  subtracted  from  90"*  to  get  the  polar  distance, 
but  must  be  added  to  it  when  they  are  of  contrary  names. 

In  the  same  way,  the  equation  of  time,  proportional  parts  of  the 
daily  rates  of  chronometers,  &c.,  may  be  found. 


Table  XXXI. — Showing  the  lengths  of  horizontal  itnes  eg[uivaUiU 
to  the  several  ascending  and  descending  planes^  the  length  of  tie 
plane  being  unity  /  in  reference  to  the  different  classes  qfengina^ 
including  the  gross  weight  with  engine  and  tender. 

The  first  part  of  this  table  was  drawn  up,  I  believe,  by  Mr 
Barlow  of  Woolwich,  for  the  Railway  Commission  appointed  to 
examine  the  different  railways  submitted  to  Parliament,  and  its  use 
has  been  shown  in  the  article  on  Railways  in  a  preceding  part  of 
the  work. 

In  the  second  part  are  also  ^ven  similar  results  from  experi- 
ments to  which  I  had  access,  and  the  velocities  in  different  slopes 
from  experiments  lately  made  by  Dr  Lardner,  the  value  of  which 
rests  on  his  authority. 

Table  XXXII. 

This  table  gives  the  content  in  cubic  yards  of  any  cutting  fo^ 
one  imperial  chain  of  100  links,  or  66  feet,  or  22  yanls  in  length* 
and  varying  in  depth  from  1  to  50  feet,  on  a  base  or  formatioD- 
level  of  30  feet,  with  the  different  slopes  1  to  1, 1^  to  1,  and  2  to  I^ 
that  is,  1  horizontal  to  1  perpendicular,  1^  horizontal  to  1  perpen* 
dicular,  and  2  horizontal  to  1  perpendicular,  which  include  most  o{ 
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the  slopes  generally  required.  Thus,  clay,  chalk,  &c.,  will  stand 
on  the  sides  of  cuttings  at  1  to  1,  gravel  1|^  to  1,  sand,  &c.,  2  to  1, 
and  the  cuttings  must  be  made  accordmglj.  To  this  formation- 
level  of  30  feet  will  likewise  b^  found  half  the  width  at  the  top  or 
surface,  when  the  cutting  varies  from  1  to  50  feet  at  the  different 
slopes  mentioned  In  the  table.  There  is  also  added  another  column 
giving  the  effect  of  a  change  of  1  perpendicular  foot  in  breadth,  in 
order  to  adapt  the  table  to  different  bases,  either  above  or  below 
30  feet.  K  the  base  exceed  30,  the  number  of  yards  in  this  column, 
multiplied  by  the  number  of  feet  greater  than  30,  gives  a  correction 
to  be  added  to  the  content  from  the  preceding  column,  but  to  be 
subtracted  if  less.  The  half-width  must  also  be  corrected  by  in- 
creasing or  diminishing  the  change  made  on  the  base,  in  the  ratio 
of  the  slopes. 

If  the  length  of  the  cutting  differ  from  one  chain,  the  number 
from  the  table  must  be  multiplied  by  the  number  of  chains  considered 
an  integer,  and  the  links  a  decimal:  the  product  will  be  the  content 
in  cubic  yards.  This  table  is  computed  on  the  supposition  that  the 
depth  is  uniform,  or  nearly  so.  In  each  portion  for  which  the  cal- 
culation is  made.  K  it  varies  rapidly,  the  portions  to  which  it  is 
applied  must  be  diminished  to  a  few  links.  In  this  manner,  the 
table  will  suit  most  ordinary  cases  likely  to  occur.  If  not,  then 
Sir  John  Macneill's  tables  must  be  applied,  which  are  well  adapted 
to  all  sorts  of  cuttings,  but  are  unfortunately  rather  expensive  for 
common  use.* 

Though  the  slopes  in  the  table  are  those  most  commonly  used, 
yet  they  may  sometimes  fall  between  or  beyond  them.  Then  to 
the  width  at  the  base  in  feet,  add  the  horizontal  length  of  the  side 
of  the  triangle  formed  by  the  slope ;  multiply  the  sum  by  the 
depth  of  the  cutting,  and  also  by  the  length,  all  In  feet :  the  product, 
divided  by  27,  will  give  the  content  In  cubic  yards. 

It  Is  to  be  remarked  that  the  depth,  multiplied  by  the  slope, 
gives  the  side  of  the  triangle  to  be  added  to  the  base,  to  give  the 
mean  breadth,  which,  multiplied  by  the  depth,  gives  the  area  of 
the  section,  and  this  by  the  length,  to  give  the  content  of  the 
cutting. 


*  These  tables  are  founded  on  the  prismoidal  formula,  which,  however,  does  not 
give  correct  results  when  the  slope  at  right  angles  to  the  line  of  railway  is  consider- 
able. Indeed,  no  mathematical  formula  will,  without  judicious  application,  do  so. 
In  such  a  case,  the  best  plan  is  to  determine  the  arta  of  the  iection,  which,  multiplied 
by  such  a  length  as  may  be  judged  proper  to  retain  the  necessary  accuracy,  will  give 
the  content  in  the  same  cuhk  measure  as  that  in  which  the  lineal  measures^were  talieu. 
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534  EXPLANATION  OF  THE  TABLES. 

Examples. — 1.  Let  the  length  of  a  cattmg  be  3.75  cfaaiiiB,  the 
depth  40  feet,  the  base  or  formation-level  30  feet,  with  Blopes  1^ 
to  1,  there  wild  be  found  in  the  table  8800  cubic  yards  for  1  chain. 

Therefore  8800x3.76==8d000  cubic  jards«  the  quantity  of  cutting  required. 

2.  For  a  height  or  depth  of  40,  and  a  base  likewise  of  40  feet, 
multiply  the  number  under  content  for  1  perpendicular  foot  in 
breadth  by  10,  the  product  will  be  the  number  of  cubic  yards  to  be 
added  to  the  number  for  30  in  the  table,  to  give  that  for  40  feet  of 
base :  thus, — 

8800.00+10  X  97.77=8800.00+977.7=9777.7 

cubic  yards  for  1  chain. 

This  last,  multiplied  by  the  length  3.75  chains,  will  giye 

9777.7  X  3.75-36666.87  cubic  yards. 

3.  To  compute  the  content  for  1  chain  in  length,  for  slopes  not 

given  in  the  table,  suppose  we  have  a  cutting  with  a  width  of  base 

or  formation-level  of  28  feet,  and  a  depth  of  16  feet,  the  ddes  of 

which  have  a  slope  of  1  jt  to  1 ;  then  by  the  directions  previously 

given, 

(16  X IJ + 28)  X  16=(20+28)  x  16=768 

square  feet,  the  area  of  the  section.  Then  this  area,  multiplied  by 
the  length  in  feet,  and  the  product  divided  by  27,  will  give  the 
content  of  the  cutting  in  cubic  yards.  For  one  chain  of  66  feet 
this  will  be 

76^6^256x22_ig77^  cubic  yiinb. 

The  same  process  may  be  followed  for  any  section,  long  or  short, 
which  may  be  made  to  vary  according  to  the  change  of  the  oon- 
Cguration  of  tiie  ground. 

For  these  purposes,  the  tables  of  Sibley  and  Butherford  will 
generally  be  found  the  most  convenient  for  practical  men. 
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GEODETICAL  TABLES. 


Tablb  III.  To  correct  the  Mean  Befractioiu 

Fahrenheit's  Thermometer. 
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Height  of  the  English  Barometer  in  intdiea  and  decimal*.                                     | 

The  tigni  must  be  changed  when  the  numbers  ftom  tills  Tabla  are  applied  to  the  corroetioB 

of  the  Moon's  Altitude. 

Tablb  IV.  Correction  of  the  Apparent  Altitude  of  the  Moon. 
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50  26 

51  23 
51    7 

52  20 
52    4 

53  18 
53    0 

54  16 
53  67 

55  13 
54  54 

50 
0  1 

4    4 
4  13 

6 
13 

6    6 
13  12 

48  60 

62  5< 

4    ( 

156 
5*7 

'49  13 

50  10 

19 

48    7 

49    3 

49  59 

50  56 

51  62 

52  49 

53  45 

54  41 

10  1 

2  11 

11 

10  10 

9  11 

13  li 

5  17 

20 

47  6fi 

>48  61 

49  47 

60  43 

51  39 

5'^  35 

53  31 

54  27 

20 

9    9 

8 

8    7 

19  21 

22  2- 

4  26 

21 

47  42 

•48  37 

49  33 

50  29 

51  24 

52  20 

53  16 

54  11 

30 

7    6 

6 

6    6 

28  30 

32  3^ 

136 

22 

47  27 

48  22 

49  17 

50  12 

51    8 

52    3 

52  68 

53  63 

40 

5    4 

4 

3    3 

37  39 

41  4; 

)45 

23 

24 

47  11 
46  6,? 

48    6 

49    0 
48  42 

49  65 
-19  36 

50  50 
50  31 

61  46 

52  39 

63  34 

53  14 

50 

"oi 

2    2 
3^ 

1 
21 

1    0 
21  20 

47  49 

"o  "2 

61  6i 

4    i 

2  54 
11 

147  47 

51  26 

62  19 

26 

46  34 

47  28 

48  22 

49  16 

50  10 

51    4 

51  68 

52  52 

10  1 

9  18 

18 

17  16 

9  11 

13  I* 

I  16 

26 

46  14 

47    7 

48    1 

48  64 

49  48 

50  41 

51  a5 

52  28 

1*0  1 

6  16 

14 

13  12 

18  20 

22  22 

125 

27 

46  62 

'46  46 

47  38 

48  31 

49  24 

50  17 

51  10 

62    3 

30  1 

1  11 

10 

9    8 

27  29 

30  3i 

2  34 

28 

45  3( 

>46  22 

47  15 

48    7 

49    0 

49  62 

50  45 

51  37 

40 

8    7 

6 

6    6 

\Vtm 

394] 

143 

h 

46    t 

46  68 

46  60' 

47  42  48  34 

49  26 

60  18 

60  10 

60 

4    3 

2    1|  1 

46  47 

4sa 

)52 
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Tablb  IV.  Correction  of  the  Apparent  Altitude  of  the  Moon.        | 

Alt 

Moon*«  Horizontal  Parallax. 

P.  P.  for  Alt.  +   1 

P.P.  for  Par. +1 

54' 

KT 

56'   57' 

ner 

59' 

60' 

61' 

0'  2^ 

4' 

6' 

V 

8' 

^   2* 

4* 

6" 

S' 

9 

• 

f      V 

/  If 

/  V 

/  9 

*      V 

/  * 

/  '/ 

/  H 

k 

V 

V 

V 

90 

44  41 

45  33 

46  24 

47  16 

48  7 

48  58 

49  50 

50  41 

0 

30 

29 

28 

27 

26 

0 

2 

3 

5 

7 

31 

44  15 

45  6 

45  57 

46  48 

47  J« 

48  30 

49  21 

50  12 

10 

25 

24 

23 

%> 

21 

8 

10 

12 

13 

15 

32 

43  48 

44  39 

45  29 

46  19 

47  10 

48  0 

48  50 

49  41 

20 

20 

19 

18 

17 

16 

17 

19 

20 

22 

23 

33 

43  21 

44  10 

45  0 

45  60 

46  40 

47  29 

48  19 

49  9 

30 

15 

14 

13 

12 

11 

25 

27 

28 

30 

32 

34 

42  52 

43  41 

44  30 

45  19 

46  8 

46  57 

47  47 

48  36 

40 

10 

9 

8 

7 

6 

34 

35 

37 

38 

40 

36 

42  22 

43  10 

43  59 

44  48 

45  36 

46  25 

47  13 

48  2 

50 

5 

36 

4 
,35 

3 

34 

2 
32 

1 
31 

42 

0 

44 
2 

45 
3 

47 
5 

48 

36 

4151 

42  39 

43  27 

44  15 

45  3 

45  51 

46  39 

47  27 

0 

37 

41  19 

42  7 

42  54 

43  41 

44  29 

45  16 

46  3 

46  51 

10 

30 

29 

28 

26 

25 

8 

9 

11 

12 

14 

38 

40  47 

41  33 

42  20 

43  7 

43  53 

44  40 

45  27 

46  13 

20 

24 

23 

22 

20 

19 

16 

17 

19 

20 

22 

39 

40  13 

40  59 

41  45 

42  31 

43  17 

44  3 

44  49 

45  35 

30 

18 

17 

16 

14 

13 

23 

25 

27 

28 

30 

40 

;«39 

40  24 

41  10 

41  65 

42  40 

43  25 

44  11 

44  66 

40 

12 

11 

10 

8 

7 

31 

;« 

a*) 

36 

38 

41 

39  4 

39  48 

40  33 

41  18 

42  2 

42  47 

43  31 

44  16 

50 

6 
41 

5 
40 

4 
38 

2 

37 

1 

_^ 

35 

39 
0 

41 
1 

42 
3 

'44 
4 

45 
6 

42 

38  28 

39  12 

39  56 

40  40 

41  23 

42  7 

42  51 

43  35 

0 

43 

37  51 

38  34 

:«  17 

40  1 

40  44 

41  27 

42  10 

42  53 

10 

34 

'X\ 

31 

30 

29 

7 

9 

10 

11 

13 

44 

37  13 

37  56 

38  38 

39  21 

40  3 

40  46 

41  28 

42  11 

20 

27 

26 

25 

23 

22 

14 

16 

17 

19 

21 

45 

36  35 

37  17 

37  69 

38  40 

39  22 

40  4 

40  45 

41  27 

30 

20 

19 

18 

16 

16 

22 

23 

24 

26 

27 

46 

35  56 

36  37 

37  18 

37  59 

JW40 

39  21 

40  2 

40  43 

40 

14 

12 

11 

10 

8 

29 

30 

31 

33 

34 

47 

35  16 

35  56 

^16  36 

37  17 

37  57 

38  37 

39  17 

39  57 

50 

7 
45 

5 
43 

4 
42 

3 

1 
39 

36 
0 

37 
1 

39 
3 

40 
4 

41 
5 

48 

34  36 

35  15 

36  54 

36  34 

37  13 

37  52 

^32 

39  11 

0 

49 

33  54 

tu^\ 

35  11 

36  50 

36  29 

37  7 

37  46 

38  24 

10 

37 

36 

34 

J« 

31 

6 

7 

9 

10 

11 

60 

33  12 

3;)50 

34  28 

36  6 

36  43 

3S21 

36  59 

37  37 

20 

30 

28 

27 

26 

24 

13 

14 

15 

17 

18 

61 

32  30 

J«  7 

33  44 

34  21 

34  58 

35  35 

38  11 

36  48 

30 

22 

21 

19 

18 

16 

19 

20 

22 

23 

24 

52 

31  47 

32  23 

32  60 

33  35 

34  11 

34  47 

,'i5  23 

35  59 

40 

15 

13 

12 

10 

9 

25 

27 

28 

29 

31 

53 
64 

31  3 

31  38 

32  13 

32  48 

33  24 

33  69 

34  34 

35  10 

60 

7 
4^ 

6 

4 
46 

3 

44 

1 

Ik 

32 
0 

33 

1 

34 
2 

36 
3 

37 

1 

30  18 

M)  M 

31  27 

32  2 

32  36 

33  10 

:«45 

34  19 

0 

56 

29  33 

30  7 

30  40 

31  14 

31  47 

32  21 

32  54 

33  28 

10 

41 

;« 

38 

36 

34 

6 

7 

8 

9 

10 

56 

28  47 

29  20 

29  53 

30  26 

30  58 

31  31 

32  3 

32  36 

20 

33 

31 

29 

28 

26 

11 

12 

13 

14 

15 

67 

28  1 

28  83 

29  5 

29  36 

30  8 

30  40 

31  12 

31  44 

30 

24 

23 

21 

20 

18 

17 

18 

19 

20 

21 

58 

27  14 

27  45 

28  16 

28  47 

29  18 

29  49 

30  20 

30  51 

40 

16 

15 

13 

11 

10 

22 

23 

24 

25 

26 

59 
GO 

26  27 

26  57 

27  27 

27  57 

28  27 

28  57 

29  27 

29  57 

60 

8 
52 

6 

50 

5 

48 

3 

47 

2 
45 

28 
0 

29 
1 

30 
2 

3132| 

25  39 

26  8 

26  37 

27  6 

27  35 

28  4 

28  34 

29  3 

0 

3 

4 

61 

24  51 

25  19 

26  47 

26  15 

26  43 

27  11 

27  40 

28  8 

10 

43 

42 

40 

38 

36 

5 

6 

6 

7 

8 

62 

24  2 

24  29 

24  56 

25  23 

25  51 

26  18 

26  45 

27  12 

20 

36 

3;^ 

31 

29 

28 

9 

10 

11 

12 

13 

63 

23  12 

23  39 

24  5 

24  31 

24  58 

25  24 

26  60 

26  16 

30 

26 

24 

22 

21 

19 

14 

15 

16 

17 

18 

64 

22  22 

22  48 

23  13 

23  39 

24  4 

24  29 

24  55 

26  20 

40 

17 

16 

14 

12 

10 

18 

19 

20 

21 

22 

65 

66 

21  32 

21  57 

22  21 

22  46 

23  10 

23  34 

23  59 

24  23 

50 

9 
56 

7 
53 

5 

61 

3 
49 

2 

2 

23 
0 

24 
1 

25 
2 

26 
2 

27 
1 

20  42 

21  5 

2129 

21  52 

22  15 

22  39 

23  2 

23  26 

0 

67 

19  51 

20  13 

20  36 

20  58 

21  21 

21  43 

22  5 

22  28 

10 

46 

44 

42 

40 

38 

4 

4 

5 

6 

7 

68 

18  59 

19  21 

19  42 

20  4 

20  25 

20  47 

21  8 

21  30 

20 

37 

35 

3!^ 

31 

29 

7 

8 

y 

10 

10 

69 

18  7 

18  28 

18  48 

19  9 

19  29 

19  50 

20  10 

20  31 

30 

27 

2? 

24 

22 

20 

11 

12 

12 

13 

14 

70 

17  15 

17  35 

17  54 

18  14 

18  (^ 

18  63 

19  12 

19  32 

40 

18 

16 

15 

13 

11 

15 

15 

16 

17 

17 

71 

16  23 

16  41 

17  0 

• 

17  18 

17  37 

17  55 

18  14 

18  32 

50 
0 

9 
57 

7 
55 

6 
53 

4 
51 

2 
4d 

18 
0 

19 
1 

20 
1 

20 

21 
2 

72 

15  30 

15  47 

16  5 

16  22 

16  40 

16  57 

17  16 

17  r« 

73 

14  37 

14  53 

15  10 

15  26 

15  43 

15  59 

16  16 

16  32 

10 

47 

46 

44 

4i 

40 

3 

3 

4 

4 

5 

74 

13  43 

13  59 

14  14 

14  30 

14  45 

15  1 

15  16 

15  32 

.'O 

38 

36 

34 

3J 

;«) 

5 

6 

6 

7 

7 

75 

12  60 

13  4 

13  19 

13  33 

13  48 

14  2 

14  17 

14  31 

30 

28 

27 

26 

23 

21 

8 

9 

9 

10 

10 

76 

11  56 

12  9 

12  23 

12  36 

12  60 

13  3 

13  17 

13  30 

40 

19 

17 

15 

13 

11 

11 

11 

12 

12 

13 

77 
78 

11  1 

11  14 

11  26 

11  ;w 

11  51 

12  4 

12  16 

12  29 

50 
0 

9 
68 

8 
56 

6 

54 

4 
62 

2 

60 

13 
0 

14 
0 

14 

1 

16 

] 

15 

10  7 

10  19 

10  30 

10  41 

10  53 

11  4 

11  16 

11  27 

79 

9  12 

923 

9  33 

944 

954 

10  5 

10  15 

10  25 

10 

48 

46 

44 

42 

41 

2 

2 

2 

3 

3 

80 

8  18 

827 

8  37 

846 

855 

9  5 

9  14 

924 

20 

:« 

37 

35 

;« 

31 

3 

4 

4 

4 

5 

81 

7  23 

7  31 

7  40 

748 

766 

8  5 

8  13 

8  21 

30 

29 

'H 

25 

2^3 

21 

5 

5 

6 

6 

6 

82 

628 

6  35 

6  42 

650 

6  57 

7  4 

7  12 

7  19 

40 

19 

17 

15 

13 

12 

7 

7 

7 

8 

8 

83 

5  33 

530 

545 

5  51 

558 

6  4 

6  10 

6  17 

50 
0 

10 
59 

8 
57 

6 
55 

4 

2 
61 

8 
0 

9 
0 

9 

9 
0 

10 
0 

84 

437 

443 

448 

4  53 

458 

5  4 

5  9 

5  14 

85 

3  42 

346 

350 

3  55 

3  59 

4  3 

4  7 

4  11 

10 

49 

47 

45 

43 

41 

1 

1 

1 

1 

1 

86 

2  47 

250 

253 

256 

259 

3  2 

3  5 

3  8 

20 

39 

37 

35 

;« 

31 

1 

1 

1 

2 

2 

87 

1  51 

1  53 

1  55 

1  57 

1  59 

2  2 

2  4 

2  6 

30 

29 

27 

i6 

24 

22 

2 

2 

2 

2 

2 

88 

056 

0  57 

058 

059 

1  0 

1  1 

1  2 

1  3 

40 

20 

18 

16 

14 

12 

2 

3 

3 

3 

3 

89 

0  0 

0  0 

0  0 

0  0 

0  0 

0  0 

0  0 

0  0 

50 

10 

0- 

8 

6 

4' 

4 
6' 

2 

3 

3 

2' 

3 

3 

4 

- 

64' 

55^ 

66^ 

57' 

58^ 

59' 

60' 

61' 

4" 

G* 
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Table  V.    Mean  Refractions. 

English  Barometer  80  inches,     Fahrenheit's  Thi-nnometcr  50*. 

Z.  D. 

LogI/. 

DifT. 
tol' 

Z.  D. 

Log)^. 

Diff. 
tol' 

Z.  D. 

Log)/. 

Diff.  to 
1' 

• 

0 

1 
2 
3 

4 
6 

OjOOBS 
0iX)97 
0.4860 
0.6112 
0.7066 

50.2 
29^ 
20B 
16.2 
13.3 

60  0 
20 
40 

61  0 
20 
40 

2.00068 
2.00949 
2.01535 
2.02124 
2.02718 
2.03316 

29.1 
29.3 
29Ji 
29.8 
30.0 
30.1 

80    0 
10 
20 
30 
40 
50 

2ii0641 
2^1237 
2.51944 
2.52660 
2-53387 
2.54125 

e9j6 

70.7 
71.6 
72.7 
733 
74.9 

OJtKIO 

ounm 

0.033 
OJ034 
0.036 
QjOSB 

Oio 

6 
7 
8 
9 
10 
11 

0.7882 
0JB557 
0.9144 
0.9663 
L0129 
1.0652 

115 
9J8 
8.7 
7.7 
7.0 
6.4 

62  0 
20 
40 

63  0 
20 
40 

2.03918 
2.04525 
2.05137 
2.06754 
2.06376 
2.07003 

30.4 
30.7 
30.9 
31.2 
31.5 
3L7 

81    0 
10 
20 
30 
40 
50 

2.54874 
2.55635 
2JS6407 
2^192 
2.57989 
2.5RRn0 

75.9 
77.2 
78.5 
79.7 
8LI 
82.4 

OjOIO 
OX>42 
a(M4 
0.016 
0.049 
0i»l 

m 
ouoe 

12 
13 
U 
15 
16 
17 

1.0941 
1.1300 
1.1634 
1.1947 
1.2241 
1J2519 

6.0 
5.6 
5.4 
4.9 
4.6 
4.4 

64  0 
20 
40 

65  0 
20 
40 

2.07635 
2.06273 
2.08917 
2.09567 
2.10224 
2.10886 

32.0 
32.3 
32.6 
33.0 
33.2 
33JS 

82    0 
10 
20 
30 
40 
50 

2i>9624 
2.60462 
2.61313 
2.62179 
2.63062 
2.63961 

83,8 

a5.i 

8a6 
88.3 
89.9 
91.6 

0.053 
a057 
0.060 
0/)63 
0.067 
0.069 

QSJb 

OJO 

oil 

18 
19 
20 
21 
22 
23 

1.2784 
1.3277 

ismr 

1.3729 
1.3946 

4iS 
4.0 
3.9 
3.7 
3.6 
3.4 

66  0 
20 
40 

67  0 
20 
40 

2.11555 
2.12231 
2.12913 
2.13603 
2.14300 
2.16006 

3a9 
34.2 
34i> 
34.9 
35.4 

83    0 
10 
20 
30 
40 
50 

2.64877 
2.66810 
2.66768 
2.67728 
2.68713 
2.69718 

93.3 
94.8 
97.0 
98  JS 
lOOJS 
102.8 

OuOTO 
0.074 
0.079 
OjORS 
aOH9 
0JU96 

Oil 

OJi 

0.13 

ai4 

005 

24 
26 
26 
27 
28 
29 

1.4151 
1.4352 
1.4547 
1.4736 
1.4921 
1.5102 

3.3 
3.2 
3.2 
3.1 
3.0 
2.9 

68  0 
20 
40 

69  0 
20 
40 

2.15719 
2.16440 
2.17171 
2.17910 
2.18658 
2.19417 

36.2 
3a6 
37.1 
37.5 
38.1 
38.5 

84    0 
10 
20 
30 
40 
50 

2.70746 
2.71793 
2.72862 
2.73954 
2.75070 
2.76210 

104.7 
106.9 
109.2 
111.6 
114.0 
116.6 

oaoo 
oao7 

0.114 
0022 
0.131 
01141 

016 

ai: 

OJs 
009 
OiO 
0^ 

30 
31 
32 
33 
34 
36 

1.6279 
1.5452 

1.5790 
1.5954 
1.6116 

2.8 
2.8 
2.7 
2.7 
2.7 
2.6 

70  0 
20 
40 

71  0 
20 
40 

2.20185 
2ii0963 
2.21762 
2.22552 
2.23363 
2^24186 

l«).0 
39.6 
40.2 
40.7 
41.3 
41  i) 

86    0 
10 
20 
30 
40 
50 

2.77376 
2.78670 
2.79789 
2.81037 
2.82317 
2.83628 

119.4 
121.9 
1248 
128.0 
131.1 
134.1 

0050 
0.161 
0.174 
0O89 
0.205 
0ii22 

0i4 
025 
OiT 
OJD 
0^ 
OJS 

36 
37 
38 
39 
40 
41 

1.6276 
1.6435 
1.6691 
1.6746 
1.6901 
1.7055 

2.6 
2.6 
2.6 
2.6 
2.6 
2.5 

72  0 
20 
40 

73  0 
20 
40 

2.25022 
2.26870 
2.26735 
2J27608 
2.28496 
2.29402 

42.5 
43.3 
44.0 
44.7 
45.4 
46.2 

86    0 
10 
20 
30 
40 
50 

2.84969 
2JR6344 
2Kr757 
2.89206 
2.90693 
2.92220 

137/> 
141.3 
144J8 
148.8 
152.7 
157.0 

0.240 
0.260 
0.284 
0.310 
0.336 
0.368 

OS 
043 
047 
051 
056 

o.a 

42 
43 
44 
45 
46 
47 

1.7207 
1.7368 
1.7610 
1.7661 
1.7812 
1.7964 

2iS 
2J> 
2.5 
2.5 
2.5 
2.5 

74  0 
20 
40 

75  0 
20 
40 

2.30322 
2.31269 
2.32218 
2.33184 
2.34174 
236188 

47.0 
47.9 
48.8 
49.7 
50.7 
5L7 

87    0 
10 
20 
30 
40 
50 

2.93790 
2.96402 
2.97060 
2.96764 
3.00522 
a02330 

161i2 
166.8 
170.4 
175.8 
180.8 
186.2 

0.3BO 
0.430 
a470 
0.620 
0.580 
0.830 

Off^ 

073 

083 

OSI 

LOl 

US 

48 
49 
50 
51 
52 
53 

1.8116 
1.8268 
1.8421 
1.8675 
1J^30 
1.8886 

2.5 
2.5 
2.5 
2.6 
2.6 
2.6 

76  0 
20 
40 

77  0 
20 
40 

2.36212 
2.37263 
238334 
2^19430 
2.40660 
2.41696 

52i) 
53.8 
55.1 
56.3 
67.6 
58.9 

88    0 
10 
20 
30 
40 
50 

3.04192 

aooiio 
aoeo67 

ai0127 
ai2229 

ai4a98 

191.8 
197.7 
204.0 
210.2 
216S 
223.9 

0j690 
0.780 

o«ro 

0.960 
1.07O 
L190 

La 
L41 
1.58 
LTS 

2jft» 

54 
55 
56 
57 
58 
69 
60 

1.9044 
1.9204 
1.9366 
1.9529 
1.9696 
1.9865 
2.0037 

2.6 
2.6 
2.7 
2.7 
2.8 
23 
2.9 

78  0 
20 
40 

79  0 
20 
40 

80  0 

2.42867 
2.44066 
2.45295 
2.46656 
2.47848 
2.49176 
2.50641 

60.3 
61.8 
63.5 
65.0 
609 
68.8 
69.6 

89  0 
10 
20 
30 
40 
50 

90  0 

ai6637 
ai8943 
3.21331 
3.23792 
3.26321 
a2RR94 
3.31649 

231.6 
238.8 
246.1 
252.9 
257.3 
275^ 

1.320 
1.520 
1.720 
1J920 
2.200 
2.480 
2.760 

248 

251 

a34 

ar: 

4.S4 

5.a) 
6J0 
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Table  VI. 

Tablb  VIL 

Table  VIll. 

Barometer. 

Interior  Thermometer. 

Exterior  Thermometer. 

P.P. 

b 

Log. 

r 

Log. 

r 

Log. 

p.p. 

t 

Log. 

P.P. 

( 

Log. 

+ 

In. 
27.0 

9S5424 

e 

10 

0.00173 

0 
50   ( 

0.00000 

« 

• 
10 

0.08779 

0 

60 

0.00000 

16 

1 

9.95585 

11 

0.00160 

51 

959996 

10 

1 

0.03680 

1 

1 

959910 

32 

2 

9.95745 

12 

0.00164 

52    < 

959991 

20 

2 

0.03582 

18 

2 

959820 

47 

3 

9.95904 

13 

0.00160 

53 

759987 

29 

3 

0.03484 

27 

3 

959730 

63 

4 

9.96063 

14 

aooi56 

54 

7599o3 

39 

4 

0.03386 

36 

4 

959640 

79 

5 

9.96221 

15 

0.00151 

55 

959978 

49 

6 

0.03288 

45 

5 

959650 

95 

6 

9.96379 

16 

0.00147 

66 

959974 

59 

6 

0.03191 

64 

6 

959460 

111 

7 

9J96536 

17 

0.00143 

67 

9.99970 

69 

7 

0.^)3094 

63 

7 

959371 

126 

8 

9.96692 

18 

0.00138 

58 

959965 

78 

8 

0.02997 

72 

8 

959282 

142 

9 

9.96848 

19 

0.00134 

69 

959961 

88 

9 

0.02900 

81 

9 

959193 

28.0 

9.97004 

20 

0.00130 

60 

959957 

20 

0.02803 

60 

959104 

15 

1 

9.97158 

21 

0.00126 

61 

959953 

10 

1 

0.02706 

9 

1 

959016 

30 

2 

9.97313 

22 

0.00121 

62 

959948 

19 

2 

0.02609 

18 

2 

958927 

46 

3 

9.97466 

23 

0.00117 

63 

959944 

29 

3 

0.02514 

26 

3 

61 

4 

9.97620 

24 

0.00113 

64 

959940 

38 

4 

0.02418 

35 

4 

958751 

76 

5 

9iW772 

25 

0.00108 

65 

959935 

48 

6 

0.02323 

44 

5 

9.98663 

91 

6 

9.97924 

26 

0.00104 

66 

959931 

58 

6 

0.02227 

53 

6 

9.98576 

106 

7 

9.98076 

27 

0.00100 

67 

9.99927 

67 

7 

0.02132 

62 

7 

qofijoo 

VJfOVOO 

122 

8 

9.98227 

28 

0.00095 

68 

9-99922 

77 

8 

0.02037 

70 

8 

9.98401 

137 

9 

9.98378 

29 

0.00091 

69 

9.99918 

86 

9 

0.01942 

79 

9 

9.98314 

29.0 

9.98528 

30 

0.00087 

70 

959913 

30 

0.01848 

70 

958227 

15 

1 

958677 

31 

0.00083 

71 

959909 

9 

1 

0.01754 

9 

1 

958140 

29 

2 

956826 

32 

0.00078 

72 

9.99904 

19 

2 

0.01680 

17 

2 

958054 

44 

3 

958975 

33 

0.00074 

73 

959900 

28 

3 

0.01566 

26 

3 

957967 

59 

4 

959123 

34 

0.00070 

74 

9.99896 

38 

4 

0.01472 

34 

4 

957881 

73 

5 

959270 

35 

0.00065 

75 

959891 

47 

6 

0.01379 

43 

6 

957795 

88 

6 

959417 

36 

0.00061 

76 

959887 

56 

6 

0.01286 

52 

6 

957709 

103 

7 

959663 

87 

0.00057 

77 

959883 

66 

7 

0.01192 

60 

7 

957623 

118 

8 

9.99709 

38 

0.00062 

78 

959878 

75 

8 

0.01099 

69 

8 

957537 

132 

9 

959855 

39 

0.00048 

79 

959874 

85 

9 

0.01006 

77 

9 

957452 

30.0 

0.00000 

40 

O.00O43 

80 

959870 

40 

0.00914 

80 

957367 

14 

1 

0.00145 

41 

0.00039 

81 

959866 

9 

1 

0.00822 

8 

1 

9.97282 

29 

2 

0.00289 

42 

0.00034 

82 

959661 

18 

2 

0.00730 

17 

2 

957197 

43 

3 

0.00432 

43 

0.00030 

83 

959857 

28 

3 

0.00638 

25 

3 

957112 

57 

4 

0.00575 

44 

0.00026 

84 

959853 

37 

4 

0.00646 

34 

4 

957027 

71 

5 

0.00718 

45 

0.00021 

86 

959848 

46 

6 

0.00465 

42 

5 

956943 

86 

6 

0.00860 

46 

0.00017 

86 

959644 

55 

6 

0.00363 

60 

6 

956859 

100 

7 

0.01002 

47 

0.00013 

87 

959840 

64 

7 

O.O0372 

69 

7 

9.96776 

114 

8 

0.01143 

48 

0.00008 

88 

959835 

74 

8 

0.00181 

e;r 

8 

956691 

129 

9 

0.01284 

49 

0.00004 

89 

959831 

83 

9 

0.00090 

76 

9 

956607 

31,0 

0.01424 

50 

0.00000 

90 

959827 

|60 

0.00000 

90 

9.96624 

Table 

.IX. 

Tablb  X. 

f 

Mettlcal  B 

arometer. 

Centigrade  ThermoR] 

leter. 

b 

Log. 

b 

Log. 

1 

Log. 

t 

Log. 

730 

958137 

750 

959311 

V 

—  10 

0.03542 

• 
+  10 

0.00000 

731 

9.96196 

751 

959368 

9 

0.03368 

11 

959829 

732 

9i)R256 

752 

959426 

8 

0.03175 

12 

959669 

733 

9.98315 

753 

959484 

7 

0.02994 

13 

959491 

734 

9.98374 

754 

959542 

6 

0.02812 

14 

959322 

736 

9.98433 

755 

959599 

5 

0.02631 

15 

959164 

736 

9.96492 

756 

959667 

4 

0.02451 

16 

958987 

737 

9.98551 

757 

959714 

3 

0.02272 

17 

956820 

738 

9.98610 

758 

959771 

2 

0.02094 

18 

958664 

739 

9.96669 

769 

9.99829 

—  1 

0.01915 

19 

V.90VD0 

740 

9J98728 

760 

959686 

0 

0.01738 

20 

956323 

741 

9.98786 

761 

959943 

+  1 

0.01563 

21 

956158 

742 

9.98845 

762 

0.00000 

2 

0.01385 

22 

957994 

743 

9.98903 

763 

0.00067 

3 

0.01210 

23 

957832 

744 

9.98962 

764 

0.00114 

4 

0.01085 

24 

957669 

745 

9.99020 

765 

0.00171 

5 

0.00661 

25 

957606 

746 

9.99078 

766 

0.00227 

6 

0.00687 

26 

957344 

747 

9.99137 

767 

0.00284 

7 

0.00516 

27 

957183 

748 

9.99195 

768 

0.00341 

.8 

0.00843 

28 

957023 

749 

9.99253 

769 

0.00397 

9 
P.P. 

0.00171 

29 

956863 

P.  P. 

12    3    4 

5     6     7     8     9 

12    3    4    6     6 

7      8      9 

+ 

6  12  17  £ 

)  29  35  41  46  52 

"^ 

17  34  61  68  85  102 

119  136  163 

6 
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Table  XI.  Logs  to  oompate  the  Terrestrial  Refraction.               | 

Fahr 

rUer 

t 

ao 

31 
32 
33 
34 
35 
36 
37 
38 
39 

40 
41 
42 
43 
44 
46 
46 
47 
48 
49 

fiogliih  BarooMter,  ft. 

-Dil 

T 

6 
5 

5 
5 
6 
6 

6 
6 

6 

7 

7 
f 
t 

7 

7 

9 

8 

8 

9 

9 

9 

34  ia. 

25  in. 

2f  In. 

srin. 

28  in.      1      S9  in.      |      SO  is. 

7.45244 
7.45239 
7.45233 
7.45227 
7.45221 
7.45216 
7.45209 
7^202 
7.45196 
7.45188 

7.45240 
7.45244 
7.45238 
7.46232 
7.45226 
7.45221 
7.45215 
7.45206 
7.45201 
7.45194 

7.45253 
7.45248 
7.45243 
7.45238 
7.45232 
7.45226 
7.46221 
7.46214 
7.45206 
7.45201 

7.45268 
7.46263 
7.45248 
7.4A243 
7.46237 
7.45232 
7.46226 
7.452:f0 
7.46214 
7.45207 

7.45263 
7.43258 
7A5253 
7.45248 
7.45243 
7.45238 
7.45232 
7^228 
7.46220 
7.45214 

7.45267 
7.45282 
7.45268 
7.45253 
7.45248 
7.45243 
7.45238 
7.452a2 
7.45226 
7.45220 

7.45272 
7.46267 
7.46261 
7.45259 
7.45254 
7.452«» 
7.46244 
7.45238 
7.46233 
7.45227 

7.46181 
7.46173 
7.45165 
7.45167 
7.45148 
7.45140 
7.46131 
7.46121 
7.46111 
7.46101 

7.45188 
7.46180 
7.45172 
7.45164 
7.45156 
7.45148 
7.46139 
7.45130 
7.46120 
7.46110 

7.45194 
7.46187 
7.45180 
7.46172 
7.45164 
7.45156 
7.46148 
7.45139 
7.45129 
7.46120 

7.45201 
7.461d4 
7.45187 
7.45179 
7.45171 
7.45164 
7.45156 
7.46147 
7.46139 
7.45129 

7.45206 
7.45201 
7.45194 
7.45187 
7.45179 
7.46172 
7.45164 
7.45156 
7.46148 
7.45139 

7.45214 
7.45208 
7.45201 
7.45194 
7.45187 
7.46180 
7.45172 
7.45166 
7.45157 
7.45148 

7.46221 
7.46215 
7.45200 
7.45202 
7.45196 
7.45188 
7.45181 
7.46174 
7.45166 
7.45168 

60 
61 
62 
63 
54 
55 
66 
67 
68 
69 

7.45001 
7.46080 
7.45069 
7.46058 
7.46046 
7.46034 
7.45021 
7.46O08 
7.44994 
7.44981 

7.46101 
7.45090 
7.45079 
7.45069 
7.45067 
7.45046 
7.46033 
7.46021 
7.46007 
7.44994 

7.45111 
7.45100 
7.45090 
7.45080 
7.46068 
7.45057 
7.45046 
7.45083 
7.46020 
7.45006 

7.45120 
7.46110 
7.45100 
7.45090 
7.45080 
7.46069 
7.46058 
7.46046 
7.45034 
7.46021 

■  ^.46130" 
7.45121 
7.45111 
7.45101 
7.45091 
7.45081 
7.46070 
7.45009 
7.45047 
7.45086 

7.45140 

7.45131 

7.45121 

7.45112 

7.45102 

7.45082 

7.46082 

7.45071 

7.45060 

7.45048 

7.45150 
7.45141 
7.45132 
7.45123 
7.45113 
7.45104 
7.45084 
7.46064 
7.45073 
7.45002 

10 
10 
10 
11 
U 
15 
12 
13 
13 
14 

14 
15 
15 
16 
16 

17 
17 
17 
18 
18 

19 
20 
21 
22 
23 
24 
24 
25 
26 
26 

60 
61 
62 
63 
64 
66 
66 
67 
68 
09 

70 
71 
72 
73 
74 
75 
76 
77 
78 
79 

80 
81 
82 
83 
84 
86 
86 
87 
88 
89 
90 

7.44967 
7.44952 
7.44937 
7.44921 
7.44906 
7.44889 
7.44872 
7.44854 
7.44886 
7.44817 

7.44981 
7.44966 
7.44952 
7.44996 
7.44921 
7.44906 
7.448R9 
7.44871 
7.44863 
7.44836 

7.44dd5 
7.44981 
7.44967 
7.44952 
7.44937 
7.44922 
7.44906 
7.44889 
7.44871 
7.44855 

7.45009 
7.44996 
7.44982 
7.449o7 
7.44953 
7.44938 
7.44922 
7.44906 
7.44890 
7.44873 

7.45023 
7.45010 
7.44S97 
7.44983 
7.44969 
7.44955 
7.44939 
7.44823 
7.44906 
7.44892 

7.4508^ 
7.45084 
7.45012 
7.44896 
7.44966 
7.44871 
7.44866 
7.44841 
7.44826 
7.44811 

7.45061 
7.45088 
7.45027 
7.46014 
7.45001 
7.44868 
7.44973 
7.44868 
7.44944 
7.44830 

7.44798 
7.44778 
7.44767 
7.44736 
7.44713 
7.44691 
7.44668 
7.44644 
7.44619 
7.44503 

7.44817 
7.44798 
7.44778 
7.44757 
7.44735 
7.44714 
7.44692 
7.44669 
7.44645 
744619 

7.44837 
7.44818 
7.44799 
7.44779 
7.44768 
7.44737 
7.44716 
7.44693 
7.44670 
7.44646 

7.44856 
7.44839 
7.44820 
7.44800 
7.44780 
7.44761 
7.44740 
7.44718 
7.44696 
7.44672  ' 

7.44876 
7.44859 
7.44841 
7.44822 
7.44803 
7.44784 
7.44768 
7.44742 
7.44721 
7.44698 

7.44886 
7.44879 
7.44862 
7.44844 
7.44825 
7.448r*7 
7.44T87 
7.44767 
7.44746 
7.44724 

7.44915 
7.44898 
7.44HK3 
7.44806 
7.44848 
7.44890 
7.44811 
7.44792 
7.44772 
7.44751 

7.44567 
7.44642 
7.44615 
7.44486 
7.44455 
7.44424 
7.44393 
7.44361 
7.44328 
7.44294 
7.44268 

7.44594 
7.44570 
7.44544 
7.44516 
7.44486 
7.44466 
7.44426 
7.44395 
7.44363 
7.44331 
7.44296 

7.44622 
7.44698 
7.44573 
7.44546 
7.44517 
7.44489 
7.44460 
7.44430 
7.44399 
7.44367 
7.44334 

7.44649 
7.44626 
7.44601 
7.44575 
7.44548 
7.44521 
7.44493 
7.44464 
7.44434 
7.44404 
7.44372 

7.44676 
7.44664 
7.44630 
7.44606 
7.44580 
7.44563 
7.44526 
7.44498 
7.44470 
7.44441 
7.44410 

7.44704 
7.44682 
7.44668 
7.44635 
7.44611 
7.44586 
7.44660 
7.44633 
7.44506 
7.44477 

t  AWVo 

7.44731 
7.44710 
7.44688 
7.44665 
7.44642 
7.44618 
7.44S08 
7.44567 
7.44541 
7.44514 
7.44496 

28 
29 
30 
31 
32 
33 
34 
36 
36 
36 

30 
40 
60 
60 
70 
80 
90 

-6 
8 
10 
14 
19 
26 
35 

-  6 
8 
10 
14 
19 
26 
36 

—  5 

7 
10 
14 
18 
24 
33 

—  5 
7 
9 
14 
18 
23 
32 

—  6 
7 
9 
13 
17 
22 
30 

—  6 
6 
8 
12 
16 
21 
29 

—  5 
6 
8 
11 
15 
20 
2B 

90 
40 
50 
60 
70 
80 
90 
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l^ABLB  XII.    Parallax  of  the 

Tablb  XIII.    Parallax  of  the  Planote  in  Altitude  or 

Sun  in  Altitude  or  Z.  D. 

Zenith-Distanoe. 

Jan. 

Feb.  Mar. 

Apr.  May 
Oct.  Sept. 

Jane 

Jul; 

Horizontal  Parallax. 

Z.D. 

Ait« 

Dec.  Not. 

Aag. 

i 

i 

1 

1 

1 

1 

1 

1 

1 

lO' 

20* 

V 

30^' 

• 

r 

2" 

3' 

4" 

6* 

9 

7" 

V 

8" 

9 

9" 

• 

o 

w 

n 

» 

» 

V 

.• 

V 

1 

v 

u 

¥ 

tf 

0 

8.8 

8.7 

8.7 

8.6 

a6 

8.6 

a5 

10.0 

20.0 
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Tablb  XVII.  Redaction  to  the  Meridian.  Yersinee.            [ 
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1363 
1376 
1387 

1411 
1423 
1436 
1448 
1460 
1473 
1486 
1496 
1610 

16 
17 
17 
17 
18 
18 
18 
19 
19 
19 

2073 
2068 

2108 
2118 
2133 
2148 
2163 
2178 
2193 
2208 

43 
44 
44 
46 
46 
46 
47 
47 
48 
48 

49 
60 
61 
62 
62 
63 
64 
64 
66 
66 

3067 
3076 
3093 
3111 

3129 
3147 
3165 
3184 
3202 
3220 

93 

94 

96 

97 

96 

99 

100 

101 

103 

104 

4230 
4261 
4273 
4294 
4316 
4337 
4358 
4380 
4401 
4423 

5619 
6643 
5GflP 

6717 
6741 
5766 
6791 
5316 

6840 
5865 

5890 
6915 
6940 

6991 
6016 
6041 
6067 

20 
20 
20 
21 
21 
21 
22 
22 
22 
23 

2224 
2239 
2266 
2270 
2286 
2301 
2317 
2333 
2348 
2364 

3239 
3257 
3276 
3295 
8313 
^»{2 
3351 
3370 
3389 
3408 

106 
106 
107 
109 
110 
111 
112 
114 
115 
116 

4444 
4466 
4488 
4610 
4532 
4564 
4876 
4608 
4620 
4642 

i 

0.1 

0.2 

0.3 

0.4 

0£ 

0.6 

0.7 

OB 

OS 

0 
0 

2 

0 
1 

1 
2 
2 
8 
3 
4 
4 

1 
2 
2 
3 

4 
6 
6 
6 

7 

1 
2 
3 

4 
6 
7 
8 
9 
10 

1 

3 

4 

6 

7 

8 

10 

11 

13 

2 

4 

6 

7 

9 

11 

13 

14 

16 

2 

4 

6 

8 

10 

13 

16 

17 

19 

2 
6 
7 
10 
12 
14 
17 
19 
22 
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Tablb  XVIL  Beductioii  to  the  Meridian.    YernneB. 


"IT 
1 
2 
3 
4 
6 
6 
7 
8 
9 

11 
12 
13 
U 
15 
16 
17 
18 

i?_ 

20 

21 
22 
23 
24 
25 
26 
27 
28 
29 


'ST 

31 

32 

33 

34 

36 

36 

37 

38 

39 


40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
"50" 
51 
52 
53 
54 
55 
56 
57 
58 
59 


» 
0.1 
0.2 
03 
0.4 
0.5 
0.6 
0.7 
08 
0.9 


Tim«  from  the  MeridiMi. 


8  m. 


6117 
6143 
6168 
6194 
6219 
6245 
6270 
6296 
6322 

■®ir 

6374 
6400 
6426 
6i52 
6^79 
6606 
6531 
6557 
6584 


iJL 


■^Slo" 

6636 
6663 
6689 
6716 
6743 
3769 
6796 
6823 
6660 


"StT" 

6904 
6931 
6968 
6865 
7013 
7040 
7067 
7094 
7122 


7l45" 
7177 
7204 
7232 
7260 
7288 
7315 
7343 
7371 
7399 

7455 
7483 
7611 
7539 
7668 
7596 
7624 
7653 
7681 


3 

5 
8 
11 
13 
16 
19 
22 
24 


33T 
374 
377 
380 
384 
387 
390 
393 

400 
"403" 
406 
410 
418 
416 
420 
423 
427 
430 
433 


437 
440 
444 
447 
451 
455 
458 
462 
466 
469 


4TO 
477 
480 
484 
488 
492 
496 
499 
503 
507 


515 
519 
623 
527 
531 
535 
539 
543 
647 
^552 
566 
560 
564 
668 
673 
677 
581 
586 
690 


0 
1 
1 
2 
2 
2 
3 
3 
4 


9  m. 


V  I 


7710 

7738 

7767 

7796 

7824 

7863 

7882 

7911 

7940 

7969 

TOT 

8027 

8066 

8066 

8114 

8144 

8173 

8202 

8232 

8261 


8321 
8360 
8380 
8410 
8440 
8470 
8600 
8630 
8660 


^8oo 

8620 
8660 
8680 
8711 
8741 
8772 
8802 
8833 
8863 


^04 
8925 
8955 

OoOO 

9017 
9018 
9079 
9110 
9141 
9172 


^203- 

9235 

9266 

9297 

9328 

9360 

9391 

9423 

9464 

9186 


8 

6 
9 
12 
15 
18 
21 
24 
27 


594 
599 
603 
608 
612 
617 
621 
626 
630 
635 


^40 
644 
649 
664 
668 
663 
668 
673 
678 
682 


687 
692 
697 
702 
707 
712 
717 
722 
728 
733 


7^ 
743 
748 
753 
758 
764 
769 
775 
780 
786 


797 
802 
807 
813 
819 
824 
830 
836 
841 


847 
853 
869 
864 
870 
876 
882 


894 
900 


0 
1 
1 
2 
2 
3 
3 
4 
4 


10  m. 


9660 
9681 
9613 
9645 
9677 
9709 
9741 
9773 
9806 


11  m. 


19  m. 


9837 
9870 
9902 
9984 
9967 

0082 
0065 
0097 
0130 


0196 
0228 
0261 
0294 
0827 
.0860 
0894 
0427 
.0460 


0627 
6660 
0693 
0627 
0660 
0694 
0728 
0761 
0796 


V    I  V 

^06  11616 

912  11561 

918  11586 

924  11621 

930  11666 

936  11691 

942  11726 

949  11762 

965  11797 

_961  11832 

968  T1168 

974  11903 

980  11939 

987  11974 

999  12010 

1000  12046 

1006  12081 

1013  12117 

1020  12153 

1026  12189 

TSST  12226 


I 


^^ 

0863 

0897 

0931 

0965 

.0999 

1083 

1067 

1101 

1135 


1039 
1046 
1063 
1060 
1066 
1073 
1080 
1087 
1094 

nor 

1108 
1115 
1122 
1129 
1136 
1144 
1151 
1168 
1166 


1204 
1239 
1273 
1308 
1342 
1377 
1412 
1446 
1481 


1180 
1187 
1196 
1203 
1210 
1217 
1226 
1232 
1240 


3 
7 
10 
13 
16 
20 
23 
26 
29 


1265 
1263 
1271 
1279 
1286 
1294 
1302 
1310 
1318 


1 
1 
2 
3 
3 
4 
5 
6 
6 


T326 
1334 
1342 
1360 
1869 
1367 
1376 
1383 
1392 
1400 


12261 
12297 
12333 
12369 
12405 
12441 
12478 
12514 
12650 

laST 

12623 
12860 
12696 
12733 
12769 
12806 
12843 
12880 
12917 


1408 
1417 
1425 
1434 
1442 
1451 
1460 
1468 
1477 
1486 
T^ 
1503 
1612 
1621 
1530 
1539 
1548 
1557 
1566 
1676 


12991 
13028 
13066 
13102 
13139 
13177 
13214 
13262 
132«9 


TS84 
1693 
1603 
1612 
1621 
1630 
1640 
1649 
1659 
1668 


13364 
13402 
13440 
13477 
13616 
13553 
13691 
13629 
13637 


4 

7 

11 

15 

18 


26 
29 
33 


lem 

1687 
1697 
1707 
1717 
1726 
1736 
1746 
1756 
1766 


1786 
1796 
1806 
1816 
1826 
1837 
1847 
1857 
1861 


1 
2 
3 

4 
4 
5 
6 
7 
8 


13706 
13743 
13781 
13819 
13867 
13896 
13934 
13972 
14011 
14049 


14126 
14166 
14204 
14242 
14281 
14320 
14369 
14398 
14437 


14516 
14554 
14594 
14633 
14672 
14712 
14751 
14791 
14831 


14875* 

14910 

14960 

14990 

16029 

15069 

15109 

15149 

15189 

16229 


1878 
1889 
1899 
1910 
1920 
1931 
1942 
1953 
1963 
1974 

T5Br 
1995 
2006 
2017 
2028 
2039 
2061 
2062 
2073 
2084 

'sm 

2107 
2118 
2130 
2141 
2163 
2164 
2176 
2187 
2199 

aar 

2223 
2236 
2247 
2269 
2271 
2283 
2295 
2307 
2319 


T528^ 

15309 

15349 

15390 

15430 

16470 

15511 

15651 

15692 

16633 


16575 
16714 
15755 
15796 
15837 
15878 
16919 
15960 
16001 
16042 


"231 
2344 
2356 
2369 
2381 
2393 
2406 
2418 
2431 
2444 


18  m. 


16083 
16124 
16166 
16207 
16249 
16290 
16332 
16373 
16415 
16457 


I 


16498 
16540 
16582 
16624 

16708 

16760 

16792 

16834 

16876 

169^ 

16960 

17003 

17045 

17088 

17130 

17173 

17215 

17268 

17301 


25br 

2600 

2613 

2627 

2610 

2664 

2667 

2681 

2695 

2708 

2722 
2736 
2760 
2764 
2778 
2792 
2806 
2820 
2834 
2848 


2862 
2876 
2891 
2906 
2920 
2934 
2949 
2964 
2978 
2993 


17344 
17387 
17430 
17473 
17616 
17669 
17602 
17645 
17688 
17732 


30O8 
3023 
3038 
3063 
3068 
3083 
3098 
3113 
3129 
3144 


2 

4 
6 


2469 

2482 

2486 

2606 

2621 

2534 

2547 

25601. 

2573 


4 
8 
12 
16 
20 
24 
28 
32 
36 


1 
2 
4 
5 
6 
7 
8 
10 
11 


Logarithms 

forV^4- 
No.  I  Loy. 
8.3144251 


14 
16 
18 


8.013395 
7.712365 
7.536274 
7.411336 
7.314426 
7.236244 
7.168297 
7.110305 
7.069152 


20  I  7.013395 


iKwmrithmi. 
iorr'  + 


1 

? 

4 

6 

8 

10 

12 

14 

16 

18 

20 


6.013395 

5.712365 
5.411336 
5.236244 
5.110306 
5.013385 
4.934214 
4.867267 
4.809275 
4.768122 
4.712365 
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Table  XYIIL  To  compute  the  Equation  to  Equal  Altitudes  and      | 

Equal  Azimuths. 

E.  T. 

L«g  A. 

LogB 

LogC 

E.T. 

IkvA 

LoffB 

1 

LogC 

h.  m. 
2  0 

+  9.4109 

+  9.3966 

0.5870 

h.  in. 
13  0 

+  9.6406 

—8.7562 

0.8166 

10 

4117 

3940 

5879 

10 

6474 

8J8296 

8235 

SO 

4127 

3921 

6888 

20 

6544 

8.8941 

8306 

ao 

4137 

3900 

5896 

30 

6616 

8.9518 

8378 

40 

4148 

3877 

6909 

40 

6689 

9.0043 

8451 

50 

4159 

3853 

5920 

50 

6764 
+  9.6^0 

9X)52i 

8525 

3  0 

•1^9.4171 

+  9;»27 

0.6933 

14  0 

-«.0970 

08601 

10 

4184 

3800 

5945 

10 

6918 

1387 

8679 

20 

4198 

3770 

5959 

20 

6996 

1779 

8759 

30 

4212 

3739 

6973 

30 

7079 

2150 

8840 

40 

4227 

3706 

6968 

40 

7162 

2502 

8923 

50 

4243 

3671 

6004 

50 

7247 

2839 

9006 

4  0 

i^9.42S9 

+  9.3635 

0.6021 

15  0 

+  9.7333 

-9.3162 

OJ9094 

IC 

4:i76 

3596 

6038 

10 

7422 

3472 

9182 

20 

4294 

3555 

6056 

20 

7512 

3771 

9273 

30 

4313 

3512 

6074 

30 

7604 

4061 

9366 

40 

4333 

3466 

6094 

40 

7699 

4343 

9460 

50 

4353 

3^16 

6114 

50 
16  0 

7795 

4617 

9557 

5  0 

•1^9.4374 

+  9U3368 

0.6135 

+  9.7894 

—9.4884 

0.9656 

10 

4396 

3316 

6155 

10 

7995 

5145 

9757 

20 

4418 

3260 

6179 

20 

8099 

5401 

9660 

30 

4441 

3202 

6202 

30 

8206 

5652 

0iI966 

40 

4465 

3141 

6226 

40 

8313 

5899 

1.0075 

50 

4490 

3077 

6251 

50 

8424 

6142 

L0186 

6  0 

•1^9.4515 

+  9.3010 

0.6276 

17  0 

+  9.8538 

-9.6382 

L030O 

10 

4541 

2939 

6308 

10 

8655 

6620 

0416 

20 

4568 

2865 

6330 

20 

8775 

6855 

0636 

30- 

4596 

2787 

6358 

30 

8896 

7089 

0659 

40 

4625 

270o 

6386 

40 

9024 

7320 

0785 

50 

4654 

2620 

6416 

50 

9153 

7551 

0915 

7  0 

i^  9.4685 

+  9^29 

0.6446 

18  0 

+  9.9286 

-9.7781 

L1048 

10 

4716 

2434 

6477 

10 

9423 

8011 

1184 

20 

4748 

2331 

6509 

20 

9564 

8240 

1825 

30 

4781 

2228 

6542 

30 

9709 

8470 

1470 

40 

4814 

2116 

6575 

40 

9.9856 

8701 

1620 

50 

4849 

1998 

6610 

50 

0.0012 

8933 

1774 

8  0 

1^9.4884 

+  9.1874 

0.6645 

19  0 

+  0.0171 

-9.9166 

L1933 

10 

4920 

1742 

6682 

10' 

0836 

9401 

2097 

20 

49S7 

1601 

6719 

20 

0506 

9639 

2267 

30 

4995 

1452 

6767 

30 

0681 

-93880 

2443 

40 

5034 

1294 

6795 

40 

0864 

—0.0124 

2^25 

50 

5074 

1124 

6834 

50 

1053 

-O.0872 

2814 

9  0 

+  9.5114 

+  9.0943 

0.6876 

20  0 

+  0.1249 

—0.0624 

L3010 

10 

5156 

0749 

6918 

10 

1453 

0682 

3215 

20 

5199 

0540 

6960 

20 

1666 

1146 

3428 

30 

6242 

0313 

7004 

30 

1889 

1416 

3650 

40 

6287 

9.0068 

7048 

40 

2122 

1694 

3883 

50 

6332 

8.9801 

7094 

50 

2366 

1961 

4127 

10  0 

+  9.5379 

+  8.9509 

0.7140 

21  0 

+0.2622 

-0.2278 

L4383 

10 

5426 

9186 

7188 

10 

2893 

2687 

4654 

20 

6475 

8828 

7236 

20 

3178 

2906 

4940 

30 

5525 

8427 

7286 

30 

3482 

3245 

5243 

40 

5575 

7972 

7336 

40 

3805 

9600 

5566 

50 

5627 

7449 

7388 

50 
22  0 

4151 

3974 

5912 

U  0 

+  9.5680 

+  8.6837 

6.7441 

+  0.4523 

—0.4372 

L6284 

10 

5734 

6102 

7495 

10 

4925 

4799 

6687 

20 

5789 

5191 

7650 

20 

5365 

5260 

7125 

30 

5845 

4001 

7606 

30 

5848 

6764 

7609 

40 

6902 

8.2299 

7663 

40 

6386 

6319 

8147 

50 

5960 

*  7  3348 

7722 
0.7782 

60 

6992 
+  0.7689 

6941 

8753 

12  0 

+  9.6020 

23  0 

-0.7661 

1.9450 

10 

6081 

—7.9469 

7842 

10 

0.8508 

8482 

2^0269 

20 

6143 

8.2540 

7905 

20 

0.9505 

9489 

1267 

30 

6207 

4363 

7968 

30 

1.0783 

—1.0774 

2544 

40 

6i72 

6675 

8033 

40 

1^2673 

1^2569 

4334 

50 

6338 

6707 

8099 

60 

1.5613 

1.5612 

7374 
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Tablb  XIX.  To  convert  feet  on  the  Tezrestrial  Spheroid  into  secondB   1 

of  Arc,  and  oonTersely.                   1 

Lat. 

is 

0 

1 

2 
3 

4 
6 
6 
7 
8 
9 

Lo?M. 

.  Asinratti  flrom  the  M«ridian«  or  Z,  Log  0. 

Log  P.  1 

860* 

Dur. 

13 

40 

66 

93 

118 

144 

170 

196 

221 

241 

10* 
SfiO* 

840* 

80* 
880* 

40* 
820* 

50* 
810* 

60* 
300* 

45353 
45347 
45327 
45295 
46248 
46186 
45117 
46031 
44834 
44821 

70* 
200* 

414^ 
41481 
41466 
41438 
41402 
41353 
41293 
41223 
41143 
41061 

80* 
280* 

38965 
(W960 
38946 
38922 
38889 
38848 
38796 
3R736 
38667 
38588 

90* 
270* 

D. 

7.9967088 
67076 
67036 

66876 
66768 
66614 
66444 
66248 
660:^ 

66216 
66203 
66166 
66101 
66006 
65893 
65753 
65585 
66394 
65177 

637u6 
636R3 
63656 
63595 
63610 
63400 
63268 
63111 
62930 
62727 

59866 
59844 
59612 
69766 
59679 
59679 
59460 
59318 
59166 
58970 

55129 
56120 
55091 
65042 
54974 
54889 
54789 
64662 
64519 

50092 
50065 

50069 
50020 
48963 
49892 
49803 
49700 
49581 
40445 

38081 
38068 
38046 
38016 
37976 
37928 
37871 
37806 
37732 

6 

13 

22 

31 

39 

48 

67 

65 

74 
fii 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 

7.9965783 
65613 
65216 
64896 
64660 
64182 
63791 
63380 
62948 
62492 

270 
297 
321 
345 
368 
391 
411 
432 
456 
479 

64938 
64676 
64382 
64068 
63730 
63369 
62985 
625R2 
62160 
61714 

625(»2 
62251 
61978 
61682 
61363 
61024 
60663 
60283 
69686 
59466 

68767 
58541 
58294 
58026 
67738 
67432 
57105 
56762 
66402 
56022 

54182 
53886 
63770 
63639 
53286 
53021 
52736 
52438 
62126 
61793 

49296 
49133 
48952 
48756 
48646 
48321 
48082 
47832 
47568 
47290 

44701 
44564 
44416 
44255 
44083 
43900 
43704 
43498 
43282 
43053 

40960 
40839 
40718 
40686 
40444 
40293 
40131 
39961 
39784 
39596 

38603 
38407 
38308 
38188 
380J6 
37937 
37800 
37663 
37601 
37339 

37661 
37561 
37462 
37355 
37240 
37118 
35988 
36850 
36706 
36554 

90 
99 
107 
115 
122 
130 
138 
144 
162 
160 

20 
21 
22 
23 
24 
25 
26 
27 
28 
29 

7J962013 
61516 
61002 
60167 
68912 
69339 
68760 
58146 
67524 
66888 

497 
514 
636 
665 
573 
589 
606 
621 
636 
650 

61244 
60758 
60264 
59728 
69184 
58623 
58046 
57453 
56843 
66221 

59024 
68566 
6809O 
57597 
67086 
66566 
66014 
66467 
64882 
64297 

55622 
55207 
64778 
64334 
53871 
53391 
52901 
62396 
51878 
51348 

61447 
61086 
60712 
50326 
49923 
49505 
49060 
48640 
48190 
47727 

4fW90 

46694 
46381 
46063 
45717 
45371 
45009 
44639 
44261 
43874 

42811 
42562 
42304 
42038 
41761 
41474 
41180 
40876 
40666 
40246 

39399 
39194 
38980 
38761 
38534 
38296 
38055 
37806 
37650 
37288 

37168 
36993 
36810 
36622 
36426 
36226 
36016 
36802 
35584 
36368 

36394 
36228 
36066 
35878 
36694 
36503 
36307 
35106 
34898 
34686 

166 
172 
178 
184 
191 
196 
202 
207 
212 
217 

30 
31 
32 
33 
34 
36 
36 
37 
38 
39 

7.9956238 
65676 
64902 
64216 
63617 
52806 
52089 
51365 
60633 
49893 

662 
674 
687 
698 
711 
717 
724 
732 
740 
744 

55584 

54936 
54274 
53601 
52917 
52220 
51518 
50609 
60090 
49365 

63653 
63089 
52466 
61831 
61183 
50532 
49869 
49202 
48527 
47845 

50819 
50253 
49691 
49119 
48636 
47943 
47346 
46742 
46132 
46516 

47267 
46776 
46288 
45793 
45283 
44768 
44248 
43723 
43193 
42665 

43478 
43074 
42862 
42244 
41819 
413R5 
40949 
40608 
40060 
39610 

39920 
39689 
39253 
38907 
38559 
38202 
37844 
37482 
37116 
36746 

37008 
36748 
36470 
36189 
35909 
35606 
35313 
35016 
34715 
34409 

36128 
34893 
34(355 
34412 
34167 
33915 
33661 
33405 
33147 
32884 

34469 
34248 
340:^ 
33795 
213562 
3:{325 
33086 
32845 
32601 
32354 

2J1 
225 
2-:8 
233 
237 
239 
241 
244 
247 
248 

40 
41 
42 
43 
44 
4.5 
46 
47 
48 
48 

7S949149 
48400 
47646 
46889 
46133 
45372 
44616 
43856 
43098 
42344 

749 
764 
757 
766 
761 
767 
760 
768 
764 
748 

48637 
47902 
47164 
46422 
45681 
44834 
44193 
43449 
42707 
41968 

47146 
46468 
45772 
45074 
44377 
43676 
42977 
42276 
41578 
40883 

44893 
44269 
43640 
43009 

42378 
41744 
41114 
40483 
39849 
39221 

42116 
41572 
41026 
40477 
38928 
39377 
38828 
38278 
37727 
37181 

39156 
38700 
38241 
37779 
37319 
36866 
3S394 
36931 
36468 
36011 

36372 
35997 
35620 
35242 
34862 
34483 
34102 
33723 
33344 
32967 

34099 
33793 
33184 
33173 
32862 
32547 
32236 
31926 
31612 
31302 

32662 
32357 
32090 
3182a 
31556 
31287 
31019 
30750 
30483 
30217 

32106 
31856 
31606 
31363 
31100 
30847 
30696 
30342 
3U089 
29838 

250 
261 
262 
263 
263 
252 
253 
263 
251 
260 

60 
61 
62 
63 
64 
66 
66 
67 
68 
69 

7.9941596 
40850 
40106 
39374 
38648 
37928 
37220 
36519 
:«W28 
35162 

746 
742 
734 
726 
720 
706 
701 
691 
676 
666 

41232 
40603 

40192 
395a'S 
38820 
38143 
37474 
36810 
36158 
35508 
34869 
34251 

38696 
37976 
37367 
36746 
36139 
36639 
34938 
34362 
33784 
33226 

366;i9 
3>100 
35560 
36028 
34504 
33980 
33466 
32953 
32456 
31969 

34565 
34101 
33648 
33201 
32759 
32320 
31888 
31459 
31036 
30629 

32693 
32220 
31848 
31481 
31118 
30768 
30403 
30061 
29700 
29368 

30996 
30687 
30383 
30081 
2978i 
29486 
29193 
28906 
28618 
28344 

29962 
29688 
29427 
29166 
28910 
29656 
28406 
28165 
27910 
27674 

29688 

248 
247 
245 
242 
240 
236 
236 
232 
223 
221 

29340 
29093 
28848 
28606 
28356 
28130 
27896 
27663 
27440 

39'//7 
3R067 
38347 
37641 
36947 
36258 
35579 
34918 

180- 
I90r 

170* 
190- 

leo* 

200* 

160- 
210* 

140* 
220* 

130* 
230* 

120* 
240" 

110* 
250* 

100* 
260* 

90* 
270* 
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Table  XIX.  To  cooTert  feet  on  the  Terrestrial  Spheroid  into  Seconds 

of  Arc,  and  conversely. 

Lat, 

Log.  H. 

Asimnth  from  the  Meridian,  or  X,  Lag  O 

Log 

■  P. 

®*    n 

Iff  "' 
^    860- 

20' 

80* 

40* 

50' 

SO* 

70* 

80* 

00» 

'1 

(A 

860-   ^ 

840* 

880* 

820* 

810* 

800* 

290 

280* 

270 

D. 

7.9934487  Q 

52  34268  33638 

32669 

31468 

30223 

29037 

28070 

27439 

27219 

217 

61 

33835  61 

38  33631  33036 

32127 

31013 

29826 

28711 

27802 

^209 

27002 

213 

(S2 

33197  6! 

23  33004  32447 

31596 

30651 

29438 

2h:«i 

27639 

26984 

26789 

S07 

fi» 

32574  e( 

»  3239 

1  31874 

31076 

HOCHK) 

29059 

280R0 

27283 

26764 

26682 

208 

64 

31966  » 

n   3179^ 

7   31312 

•3(V>6» 

2966H 

2H6HH 

27776 

27033 

26649 

26379 

197 

6ff 

31375  5* 

72   3122] 

L  30769 

30071 

29231 

28;i29 

27481 

26790 

26339 

26182 

191 

66 

30803  5^ 

S7  30651 

}   30240 

29600 

28816 

27980 

27194 

26563 

26136 

29991 

186 

67 

30246  5! 

»  3011] 

L  29726 

29UW 

28412 

27640 

26917 

26325 

26999 

26805 

179 

6K 

29707  « 

20  2958^ 

L  29230 

28687 

28022 

27316 

26646 

26103 

25749 

25626 

174 

69 

29187  4S 

»  2907' 

I  28750 

28252 

27832 
27440 

27644 

26996 

26386 

• 

25889 

26566 

26452 

166 

70 
71 

7.9928688  4] 
28210  H 

r8  2858: 
»  2811{ 

r  28290 
)  27851 

27283 
26939 

26693 
26403 

26135 
25898 

25684 
25489 

25389 

25222 

26286 

159 
164 

25127 

72 

27752  4; 

r7  276« 

)  27426 

27057 

26604 

26121 

25668 

25297 

25067 

24973 

145 

73 

27315  4] 

L7  2724( 

)  27024 

26693 

26288 

25856 

25450 

26118 

24904 

24828 

139 

74 

26898  3S 

)2  2683] 

L  26640 

26345 

25986 

25602 

25241 

24946 

24766 

24689 

130 

76 

26506  3( 

»  2644£ 

)  26278 

26020 

25703 

25363 

25046 

24786 

24619 

24659 

123 

76 

26138  34 

14  2606; 

r   25939 

25712 

25436 

25140 

24861 

24635 

2448H 

24436 

115 

77 

25794  3S 

!2  2575( 

1  25622 

25425 

25186 

249^)0 

24688 

24494 

24366 

24321 

107 

78 

25472  2£ 

«  2543£ 

>  25325 

25158 

24953 

24734 

24528 

24362 

24254 

24214 

99 

79 

25176  27 

3  2514^ 

»  25052 

24910 

24739 

24553 

24379 

24239 

24147 

24115 

91 

80 

24903  26 

K)  24877 

'   24799 

24682 

24641 

24387 

24244 

24127 

24048 

24024 

83 

180- 

170- 

160* 

150* 

140* 

130* 

120* 

110* 

100* 

90* 

180*   1 

190" 

2O0r     210" 

220*1  230* 

240*  1  260" 

260* 

270* 

Table  XX.  To  find  the  Seconds  in  the  Intercepted  Arc  rodaced  for  the  effect 

of  refraction,  as  used  in  the  computation  of  Heights. 

l-m/t   - 

Log  &r  1 

AdiQutl)  from  the  Meridian  Z,  Log  O' 

LogP* 

_  rVk. 

0* 

Diff 
Lat 

131 

10' 

20* 

80* 

40* 

'.0. 

SO* 

70* 

80* 

80* 

Dill 
Lat 

r.  lat 

.619958 

9871  9 

620 

9236 

8762 

8258 

7704 

7398 

7146 

7058 

44 

^!Jh 

10 

9827 

377 

9743  9 

499 

9126 

8667 

8179 

7719 

7345 

7099 

7014 

m 

1  80 

20 

9450 

577 

9373  9 

151 

8KII 

8394 

7949 

7530 

7189 

6966 

6888 

19S 

\   70 

30 

8873 

709 

8807  8 

614 

K«1 

7975 

7597 

7241 

6950 

6762 

6696 

23( 

\   60 

40 

8164 

755 

8113  7 

964 

7738 

7461 

7166 

6886 

6659 

6514 

6460 

25S 

1  50 

50 

7409 

711 

7372  7 

268 

7109 

6913 

6705 

6506 

6348 

6244 

6208 

237 

'  40 

60 

6S98 

580 

6676  6 

613 

6516 

6398 

6271 

6153 

6066 

5993 

6971 

193 

1  30 

70 

6118 

379 

5106  6 

078 

6032 

6977 

5918 

6863 

6817 

6788 

5778 

127 

20 

80 

5739  1321  i 

5738  5 

729 

6717 

6703 

5688  5673  1 

6662 

6654 

6661 

44 

[   10 

90 

6607    |. 

5607  6 

907  5607  1  5607  6607  |  6607  | 

6607 

6607 

6607 

0 

Table  XXI.  To  compute  the  Height  of  the  place  of  Observation  by  the 

depression  of  the  horizon  of  the  sea. 

Lat 

•o 

LogM* 

Azimoth  from  the  Meridian,  or  Z,  Log  O*       1 

-og  P* 

©• 

io»  1  «0* 

80* 

40* 

60* 

60* 

70« 

80* 

90*  C 

dial 

6.454684 

4771 

6022 

6407 

6880 

6384 

6858 

72U 

7497 

7584 

9& 

10 

4815 

4893 

6143 

6516 

5975 

6433 

6923 

7297 

7543 

7628 

80 

20 

5192 

5269 

6491 

6831 

6248 

6693 

7112 

7453 

7676 

7754 

70 

30 

6769 

5-35 

6028 

6:^11 

6667 

7046 

7401 

7692 

7880 

7946 

60 

40 

6478 

6529 

6678 

6904 

7181 

7477 

7766 

7983 

8128 

8182 

60 

50 

7233 

7270 

7374 

7533 

7729 

7937 

8134 

8294 

K398 

8434 

40 

60 

7944 

7063 

8029 

8126 

8244 

8371 

H4H9 

8586 

8649 

8671 

30 

70 

8524 

8534 

8564 

8610 

8665 

8724 

8779 

8825 

8854 

8864 

20 

80 

8903 

8904 

8913 

8925 

H9(«) 

8954 

8969 

8980 

8988 

8991 

10 

90 
Lat. 

90G5 

9036 

9035 

9035 

9035 

9035 

9036 

9036 

9036 

9096 

0 

180' 

170* 

leo* 

160* 

140* 

130* 

120* 

110* 

100* 

90*  0 

oUt. 
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Table  XXII.  Beduction  of  x  to  /.    Subtractiye.                           | 

P" 

1 

(T 

vsr 

20» 

3/ 

40- 

50* 

60« 

70- 

80- 

90* 

i  6 

1 
2 
3 
4 
6 
6 
7 
8 
0 

9 

OXX) 
0.00 
0.00 
0.00 
OXX) 
0.00 
0.00 
0.00 
0.00 
0.00 

It 

0.00 
0.00 
0.01 
0.02 
0.03 
0.04 
0.06 
0.06 
0.10 
0.13 

IT 

0.00 
0.00 
0.02 
0.03 
0.06 
0.09 
0.12 
0.16 
0.21 
0.26 

* 

0.00 
0.00 
0.08 
0.06 
0.06 
0.14 
0.19 
0.26 
0.33 
0.41 

4r 

0.00 
0.00 
0.04 
0.06 
0.12 
0.20 
0.28 
0.36 
0.48 
0.60 

9 

0.00 
0.00 
0.06 
0.11 
0.17 

6;28 

0.40 
0.64 
0.68 
0.86 

¥ 

0.00 
0.00 
0.08 
0.16 
0.26 
0.41 
0.56 
a73 
0.90 
1.23 

It 

0.00 
0.00 
0.13 
Oi» 
0.39 
0.66 
0.91 
1.17 
1X57 
1.96 

9 

0.00 
0.00 
0.27 
0.64 
0.81 
lA-i 
lift) 
2.43 
a24 
4.06 

0    0  0.00 
0    10.00 
0    2  0.00 
0    3  0.00 
0    4  0.00 
0    5  0.00 
0    6  0.00 
0    7  0.00 
0    8  0.00 
0    9  0.00 

0  10 
11 
12 
13 
14 
15 
16 
17 
18 
10 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
OXX) 

0.15 
0.18 
0.22 
0.26 
0.30 
0.34 
0^ 
0.44 

ox» 

0.31 
0.38 
0.45 
0.63 
0.62 
0.72 
0.82 
0.92 
1.03 
1.14 

0.49 
0.60 
0.72 
0.86 
1.00 
1.14 
L30 
1.46 
1.64 
1.82 

0.72 
0X» 
1.05 
1.23 
1.44 
1.66 
1.88 
2.13 
2.'« 
2.64 

1.00 
.     1.20 
1.46 
1.72 
2.00 
2.30 
2.64 
3.00 
3.37 
a76 

1.48 
1.80 
2.20 
2.60 

aoo 
a4o 

3J87 
4.44 
5.00 
5X50 

2.36 
2.90 
a40 
4.00 
4.70 
5.40 
a20 
7.05 
7.90 
8.70 

4.86 

5.80 

7.00 

a26 

9X56 

11.00 

12.60 

14.26 

laoo 

17.70 

0  10  0.00 
0  11  0.00 
0  12  OXX) 
0  13  0.00 
0  14.0.00 
0  16  0.00 
0  16  0.00 
0  17  0.00 
0  18  0.00 
0  19  0.00 

0  20 
21 
22 
23 
24 
25 
26 
27 
28 
20 

0  30 
31 
32 
33 
34 
35 
36 
37 
38 
30 

0  40 
41 
42 
43 
44 
45 
46 
47 
48 
48 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

0.61 
0.67 
0.74 
0.81 
0.88 
0.96 
1.05 
1.14 
1.22 
1.30 

1.26 
1.40 
1.53 
1.67 
1.83 
1.98 
2.14 
2.32 
2.49 
2.67 

2.01 
2.22 
2.43 
2.66 
2.90 
3.16 
3.40 
3.68 
3.96 
4.26 

2.92 
3.23 
3XS6 
3X» 
4i23 
4.68 
4.94 
5.34 
5.74 

ai4 

4.11 
4XS6 
5.00 
5.46 
6.00 
6^ 
7.00 
7.66 

ai2 

8.73 

aoo 
a68 

7.30 

8.00 

8.74 

050 

10.28 

11.10 

1150 

12.70 

9.60 
10.60 
11.70 
12.80 
13.90 
16.00 
16.20 
17XK) 
18.80 
20.20 

19X54 
21.70 
2a70 

2aoo 

28.40 
30.85 
33.40 
36.00 
38.65 
41.35 

0  20  0.00 
0  21  0.00 
0  22  0.00 
0  23  0.00 
0  24  0.00 
0  26  0.00 
0  26  0.00 
0  27  0.00 
0  28  0.00 
0  29  0.00 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

1.38 
1.48 
1^ 
1.68 
1.78 
li« 
liK» 
2.11 
2.23 
2^)5 

2i» 
3.04 
3.23 
3.43 
a65 
3>tf) 
4.11 
4.34 
4.67 
4.82 

4.63 
4.84 
5a6 
6XK) 
6.83 

ai7 

6XS3 
6.90 
7.28 
7.66 

6.68 

7.03 

7.47 

7.94 

8.44 

8.94 

9.48 

10.00 

10.66 

11.12 

9.34 
10,00 
10.60 
11.30 
12.00 
12.73 
13.45 
14i» 
16.00 
16J80 

13.60 
14.60 
16.60 
ia60 
17.50 
18.60 
19.60 
20.70 
21.80 
23XX) 

21X» 
23.10 
24.50 
26.10 
27.70 
29.40 
31.10 
32XX) 
34.60 
36.40 

44.20 

47.50 

50.60 

63.76 

,57.00 

i    0.50 

1    4.00 

1    7.76 

1  11.26 

1  15.00 

0  30  0.00 
0  31  0.00 
0  32  0.00 
0  33  0.00 
0  34  0.00^ 
0  36  0.00 
0  36  0.00 
0  37  0.00 
0  38  0.00 
0  39  0.00 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

2.46 

2.71 
2.84 
2.96 
3.12 
3.26 
a40 
3XS4 

a69 

6.00 
6.35 
5.60 
5.88 
6.15 
643 
a72 
7.0J 
7.32 
7X53 

8.06 

8.46 

a85 

9.26 

9.73 

10.20 

10.67 

11.13 

11.60 

12.06 

11.72 
12.30 
12.90 
18XS4 
14.20 
14J84 
15.60 

iai4 

16.84 
17XS4 

ia62 
17.47 
18.34 
19i» 
20.10 
2L05 
22XX) 
22S5 
23.94 
24.96 

24.26 
26.40 

2ae9 
2aoo 

29.32 
30.67 
32.03 
33.40 
84.80 
36.23 

38.39 
40.30 
42.30 
44.40 
46X50 
48.60 
50.80 
53.00 
56i20 
67X30 

1  19.00 

i2aoo 

1  27.00 
131.30 
1  35.60 
1  40.00 
1  44.50 
1  49.00 
1  6a70 
1  5a60 

0  40  0.00 
0  41  0.00 
0  42  0.00 
0  43  0.00 
0  44  0.00 
0  45  0.00 
0  46  0.00 
0  47  0.00 
0  48  0.00 

0  49o:oo 

0  50 
51 
52 
53 
54 
55 
56 
57 
58 
50 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
OXX) 
OXX) 

3J84 
3.99 
4.17 
4.32 
4.49 
4.66 
4.82 
5.00 
518 
5^ 

7.95 

8.26 

8.68 

8.92 

9.27 

9.62 

9.97 

10^ 

10.67 

11.05 

12jn 

laio 
laei 

14.13 
14.67 
16.23 
16.80 
16.36 
16.93 
17X51 

18.27 
19.04 
19.80 
20.64 
21.34 
22.14 
22.94 
23.80 
24.64 
25XK) 

2a06 
27.06 

2aio 

29.17 
30.36 
31.46 
32.68 
3a76 
34.95 
36.20 

37.66 
39.30 
40.90 
42XiO 
44.10 
45.70 
47.40 
49.10 
50.83 
52.64 

,59.90 
1    2.40 
1    4.80 
1    7.30 
1    9.90 
1  12X50 
1  16.20 
117.90 
120.70 
123.60 

2    a30 
2    a40 
2  13.50 
2  18.60 
223.80 
2  29i» 
2  34J80 
2  40.40 

2  4aoo 

2  51J80 

0  50  0.00 
0  61  0.00 
0  52  0.00 
0  53  0.00 
0  64  0.00 
0  66  0.00 
0  66  0.00 
0  57  0.00 
0  58  0.00 
0  59  0.00 

1     U 
I  10 
1  20 

0.00 
0.00 
0.00 

5M 
7J54 
9iV> 

11.43  !  18.16 
16.56    24.68 
2033  32.26 

26.34 
36i« 
4^84 

37.46 
,60.90 
1    6.50 

'54.30 
1  ia90 
13a74 

1  26.40 

1  57.36 

2  33.26 

2  67J80 
4    1.64 
6  16.27 

li  0  0.00 
1  10  0.00 
1  20  0.00 

Lc 

>f  Cor  = 

slogp" 

'irin 

r+lag 

;  tan  X,                 log  i  tin  I"  =  4.88 4 54 A.                              | 
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Tablb  XXIII.  Redaction  of  x  to  J.    Snbtractire.                      "^ 

I** 

1 

60* 

61- 

62* 

car 

64* 

66* 

66' 

6r 

Cy        59"    ] 

0    0 

1 

2 
3 

4 
6 
6 
7 
8 
9 

4r 

0.00 
0.00 
0.06 
0.U 
0.16 
0.28 
0.40 
0.64 
0.68 
0.86 

0.00 
OXX) 
OjOS 
0.12 
0.17 
0^ 
0.42 
0.66 
0.71 
0J88 

0.00 
0.00 
0.06 
0.12 
0.18 
0.30 
0.42 
0.66 
0.73 
0.91 

» 

0.00 
0.00 
0.06 
0.18 
0.19 
0.32 
0.44 
0.67 
0.76 
0.96 

9 

0.00 
0.00 
0.07 
0.13 
0.20 
0.33 
0.46 
0JS8 
0.78 
0.96 

n 

0.00 
0.00 
0.07 
0.U 
0.20 
0.34 
0.48 
0.61 
0»2 
1.04 

1 

aoo 

0.00 
0.07 
0.14 
0.21 
0^ 
0.49 
0.63 
0JB4 
1.07 

0U» 
0.00 
0.07 
0.16 
0.22 
0.37 
0.61 
0.66 
0.88 
LIO 

0.00 
0.00 
0.06 
0.16 
0.23 

o;iR 

0JS3 
Oj6R 
0J91 

ia4 

» 

OiJDO 

0.0a 

0.08 

0J6 

0.24 

0.39 

0.55 

0.71 

0.94 

LIS 

0  10 
11 
12 
13 
14 
16 
16 
17 
18 
19 

1.00 
1.20 
1.46 
1.72 
2.00 
2.30 
2.64 
3.00 
a37 
3.76 

1.08 
1.30 
1^4 
1.81 
2.10 
2.41 
2.76 
3.12 
3.60 
3^ 

1.12 
1.33 
1JS8 
1.88 
2.22 
2J» 
2.95 
3.32 
3.70 
4.12 

1.13 
1.36 
1.68 
1.93 
2i» 
2.60 
2.96 
3.37 
3.78 
4.20 

1.20 
1.46 

2.06 
2.38 
2.72 

ao6 

3.49 
3.91 
4.34 

1.24 
1.48 
1.76 
2.10 
2.46 
2i)2 
3.20 
a62 
4.06 
4.48 

1.28 
1.66 
liW 
2iW 
2J56 
2.94 
a36 
3.77 
4.20 
4.63 

132 
1.69 
1.90 
2.26 
2.64 

ao8 

3.46 
3.90 
4^ 
4.83 

i;« 

1.66 
L96 
2.34 
2:72 

ai2 
a66 

4iX> 
4.48 

aoo 

L43 
L71 
S.03 
2.40 
2J90 
a25 

a7i 

4.19 
4.70 
a24 

020 
21 
22 
23 
24 
25 
26 
27 
28 
29 

4.11 
4^ 
6.00 
6.46 
6.00 
&60 
7.00 
7ii6 
8.12 
8.73 

4.30 
4.74 
6.20 
6.72 
a24 
6.78 
7:32 
7.88 
8.46 

4052 
4.97 
6.42 
6.91 
6.48 
7.00 
7M 

ai6 

8.78 
9.42 

4.64 
6.09 
6.68 
6.10 
6.66 
.   7.26 
7.83 
8.44 
9.07 
9.74 

4.80 
6.30 
6.82 
6^5 
6.90 
7J50 

ai3 

8.78 

9.46 

10.13 

4S5 

6.48 

ao6 
a62 

7.20 
7.80 
a43 
9.12 
9.82 
10.64 

6.14 
6.0B 
a26 
6.86 
7.48 
8.12 
a77 
9.44 
10.16 
10.92 

6.33 
6.87 
6.46 
7.08 
7.73 
8.40 
9.09 
9a«) 
10j63 
11.30 

0^ 

an 
a73 

7.38 

ao6 
a76 

9.48 
10.23 
1099 
11.76 

5.79 

a39 

7.0Q 

7.63 

a33 

9.06 

a79 

10.58 

1U'«) 

12.22 

0  30 
31 
32 
33 
34 
36 
36 
37 
38 
39 

9^ 
10.00 
10.60 
IIJSO 
12.00 
12.78 
13.46 
14.20 
16.00 
16.80 

9.70 
10.36 
11.08 
11.70 
12.40 
13.14 
13.93 
14.73 
16J56 
16.40 

10.06 
10.74 
11.45 
12.18 
12.93 
13.73 
14.64 
16.36 
16.18 
17.00 

10.40 
11.13 
11J88 
12.63 
ia38 
14.16 
16.00 
16.86 
16.70 
17.67 

10.86 
11.69 
12.36 

iai3 

13J92 
14.72 
16.67 
ia44 
17.34 
1BJ24 

11.26 
12.00 
12.76 
ia57 
14.41 
16.27 

lau 

17.07 
18.00 
ia95 

11.69) 
12.48r 
13.28 
14.09 
14.93 
16.80 

ia7i 

17.67 
18.65 
19.63 

12.09 
12.91 
ia77 
U.66 
16Ji6 
ia48 
17.43 
18.40 
19.41 
20.44 

12^ 
ia38 
14ii4 
16J3 

iao6 

17.02 
18.04 
19.09 
20.16 
21.23 

iao7 

ia95 

14.87 
15JR1 

ia79 

17.M 
1BJ93 
19J95 
21.00 
22.06 

0  40 
41 
42 
43 
44 
46 
46 
47 
'48 
49 

16.62 
17.47 
18.34 
19.20 
20.10 
21.06 
22.00 
22M 

24.96 

17.26 

iai2 

19.00 
19.93 
20.87 
2lJB2b 
22.82 
23.83 
24.84 
26.86 

17.89 
18.79 
19.73 
20.60 
21.66 
22.64 
23.62 
24.68 
25.76 
26.86 

19.47 
20.46 
21.44 
22.46 
23.47 
24.60 
26.68 
26.70 
27.88 

19.20 
20.18 
21.20 
22.24 
23.30 
24.37 
26.46 
26.56 
27.68 
28.83 

20.00 
21.00 
22.00 
2a07 
24.14 
25.27 
26.42 
27.60 
28.78 
29  J6 

90.70 
21.77 
22JB6 
23.96 
25.06 
26.23 
27.39 
28.67 
29.79 
3L04 

22.60 
2a73 
24^ 
2a04 
27i!2 
2a42 
29.67 
30.94 
32.22 

22.33 
2a46 
24.61 
2631 
27.03 
28.27 
29i»3 
30.82 
32.16 
3a61 

23.24 
24.41 
25.63 
26.87 
2ai2 
29.39 
30.70 
32.06 
3a43 
34^ 

0  60 
61 
62 
63 
64 
66 
66 
67 
68 
08 

26.06 
27.06 
28.10 
29.17 
30^ 
31.46 
d2M 
33.76 
34.96 
36.20 

26.92 

2aoi 

29.12 
30.24 
31.41 
32.69 
33.76 
36.00 
33.24 
37.63 

27.93 
29.06 
30.19 
3L36 
32.66 
3a79 
36.04 
3a30 
37.58 
38.90 

28.98 
30.13 
31.32 
32.63 
33.76 
36.03 
36.'tt 
37.63 
38.96 
40.31 

30.09 
31.26 
32.61 
83.78 
36.07 
36.37 
37.69 
39.04 
40.43 
41.86 

31.20 
32.46 
33.75 
36.06 
36.35 
37.70 
39.07 
40.48 
41.93 
43.41 

32.33 
33.66 
35.00 
36.37 
37.76 
39.14 
40.66 
42.02 
43.50 
45.03 

3a67 
34S6 
36.34 
37.76 
39.20 
40.66 
42.16 
4a66 
46J22 
46.81 

34.88 
3a30 
37.76 
39.23 
40.72 
42.23 
43.76 
46.32 
4a92 
4a67 

aaso 

37.78 
39.27 
40.79 
42.32 
43.90 
45.52 
47.16 
48.84 
O0L6S 

1     0 
1   10 
1  20 

.^7.46 
,60.90 
1    6.60 

38.82 
,61J82 
1    9.06 

40.24 
,64.73 
1  11.48 

41.76 
.66.69 
1  14.13 

43.33 
.68.86 
1  16^ 

.44.88 
1    1.07 
1  19.76 

,4a63 
1    3.36 
122.77 

,48.44 
1    6.80 
126.00 

,6030 

1  ad8 

1  29.36 

.0238 
1  11.08 
132.87 
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Table  XXIV.  To  reduce  a 

I  baae  at  the  level  of  the  i 

sea 

to  any '. 

tieight        1 

above  it,  and  conversely,  &c.                                          | 

h 

wAh- 

a 

I>a3  _ 

S  -1- 

A,  . 

^rg. 

£q.A;i 

Feet. 

Correctioo. 

Feet. 

Corrtction. 

Rrduetion. 

+ 

1000 

0.0000206 

100000 

0.0000004 

0.0000006 

26 

1 

0.8 

2000 

0.0000416 

200000 

0.0000017 

0.0000034 

44 

2 

1.4 

3000 

0.0000623 

300000 

0.0000037 

0.0000078 

60 

3 

1^ 

4000 

0.0000630 

400000 

0.0000063 

0.0000138 

78 

4 

2.0 

fiOOO 

0.0001038 

600000 

0.0000108 

0.0000216 

94 

5 

2.1 

6000 

0.0001246 

600000 

0.0000149 

0.0000310 

112 

6 

2.0 

7000 

0.0001453 

700000 

0.0000203 

0.0000422 

130 

7 

1.8 

8000 

0.0001631 

800000 

0.0000265 

0.0000552 

147 

8 

1.4 

9000 

0.0001868 

900000 

0.0000336 

0.0000699 

9 

0.8 

To  fludUtate  the  calcuiatioa  of 

arcs  on  the  terreitrial  spheroid,  as  well  as  various  ope- 1 

ratiuM  in  Geodesy,  the  following  table  to  ^hv  < 

of  compression  has  been  formed.       1 

Tabus  XXY.  The  measure  of  one  minute  of  arc  at  each  degree  of  latitude    | 

in  Engbsh  feet.                                                     | 

Lati- 

Minute of 

Minute  of 

Minute  of 

Lati- 

Minute  of 

Minute  of 

Minute  of 

tude. 

Latitude. 

Longitude. 

Perpendic. 

tnde. 

Latitude. 

Longitude. 

Perpendic. 

• 

Feet. 

Feet. 

Feet. 

o 

Feit. 

Feet. 

Feet. 

0 

6045.9 

6085.7 

6065.7 

45 

6075.7 

4310.3 

6096.7 

1 

6045.9 

6084.8 

6085.7 

46 

6076.7 

4234.7 

6096.0 

2 

6046.0 

6082.O 

6065.7 

47 

6077.8 

4167.7 

6096.4 

3 

6046.0 

6077.4 

6065.8 

48 

6078.8 

4079.5 

6096.7 

4 

6046.1 

6071.0 

6065.8 

49 

6079.8 

4000.0 

e097.1 

6 

'  6646.d 

6062.7 

6085.9 

6u 

6060.9 

3919.3 

■  6097.4 

6 

6046iS 

6052.6 

6065.9 

51 

6061.9 

3837.4 

6097.8 

7 

6D46.7 

6040.6 

6066.0 

62 

6062.9 

3754.4 

6098.1 

8 

6047.0 

6026.9 

6066.1 

53 

6063.9 

3670.1 

6098.4 

9 

6047.3 

6011.3 

6086i2 

54 

6064.9 

3684.8 

6098.8 

10 

6047.6 

6993.8 

6066.3 

55 

m6A 

d4d6.d 

6099.1 

11 

6048.0 

6974.6 

6066.4 

66 

6066.9 

S410B 

6099.4 

12 

6048.4 

6953.6 

6066.6 

67 

6087.9 

8322.2 

6099.6 

13 

6018.9 

6930.7 

6066.7 

58 

6088.8 

8232.6 

6100.1 

14 

6049.3 

6906.1 

6066.9 

59 

6069.7 

3141J9 

6100.4 

16 

6019.8 

687d.d 

6067.O 

60 

«)90.y 

d050J 

6100.7 

16 

6050.4 

685L4 

6067.2 

61 

6091.6 

2957.8 

6101.0 

17 

6060.9 

6821.4 

6067.4 

62 

6092.4 

2864.4 

6101.3 

18 

6051JS 

5789.7 

6067.6 

63 

6093.3 

2770.1 

6101.6 

19 

6052.2 

5766.1 

6067J8 

64 

6094.1 

2674.9 

6101.9 

20 

6052.8 

5720.9 

6088.0 

M 

6006.0 

^78.9 

■  610S.1 

21 

6053.5 

6683.9 

6068.3 

66 

6095.7 

24S2.1 

6102.4 

22 

6054.2 

6645.2 

6068.5 

67 

6096JS 

2384.5 

6102.7 

23 

6054.9 

6604.7 

6068.7 

68 

6097.3 

2286.2 

6102.9 

24 

6055.7 

6562.6 

6069.0 

69 

6006.0 

2187.2 

6103.1 

25 

6056J; 

5518.7 

6D69.d 

70 

6l»6.r 

£067.^ 

'    610d.4 

26 

6057.3 

6473.2 

0069.5 

71 

6099.3 

1967.1 

6ioa6 

27 

60Gai 

6426.1 

0069B 

72 

6100X) 

1886.2 

6103.8 

28 

6059.0 

6377.2 

609O.1 

73 

6100.6 

1784.6 

6104.0 

29 

6060.8 

5326.8 

609O3 

74 

6101.1 

1682.5 

6104.2 

30 

eMO.7 

6ii74.7 

M0.7 

76 

6101.7 

1579.9 

6104.4 

31 

6061.6 

5221.0 

6091.0 

76 

6102.2 

1476.8 

6104^ 

32 

6062.6 

61(55.7 

6091.3 

77 

6102.7 

1373.3 

6104.7 

33 

6063.5 

5108.9 

6091.6 

78 

6103.1 

1269.3 

6104.8 

34 

6064.5 

5060.4 

6091^ 

79 

6103.5 

1164^ 

6105.0 

35 

6066.4 

4990US 

&J&2A 

flO 

6103.9 

loeo.i 

6106.1 

36 

6066.4 

4929.0 

6092.6 

81 

6104.2 

995.1 

6105i2 

37 

6067.4 

4866.0 

6092.9 

82 

6104.6 

849.7 

6105.3 

38 

6068.4 

4801.6 

6093.3 

83 

6104.8 

744.1 

6105.4 

39 

6009.5 

4735.5 

6093.6 

84 

6106.1 

638.8 

6106.5 

40         6070.^ 

4668^2 

6093.9 

k^ 

6106.d 

SS±l 

6106.6 

41 

6071J5 

4599.4 

60&1.3 

86 

6105.4 

425.9 

6106.6 

42 

6072.5 

4529.2 

6094.6 

87 

6106.6 

319.6 

6105.7 

43 

6073.6 

4457.6 

6095.0 

88 

6105.6 

213wl 

6106.7 

44 

6074.6 

4384.6 

6095.3 

89 

6105.7 

106.6 

6105.7 

45 

6075.7 

4310.3 

6095.7 

90 

6106.7 

0.0 

6106.7 
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Table  XXVI. 

1 

Tablb  XXVIX. 

iiange  mean 

Solar  into  Sidereal  Time.    | 

To  change  Sidereal  into  mean 

Solar  Time.  | 

Add 

Solw    1       Add      1 

Solar     i 

Ikdd  Part*  SiderMl  1 

■.•l.*_Ma           1 

Mder.  1 

Subiract 

Sadrr. 

iakxPU. 

Min. 

llccionili. 

8c«. 

oTaSee. 

Dajt. 

■SDCnut      1 

MiB. 

Scecoda. 

•fa  as. 

h.    n.       •• 

0    3  66^655 

1 

0.164 

1 

0.003 

h.  m.        f. 

1     0    3  65.909 

1 

0.164 

1 

0UCC9 

5    7  53.111 

2 

0.329 

2 

0.006 

2    0    7  61J819 

2 

0.328 

i 

OlOQS 

0  11  49.666 

3 

0.493 

3 

0.006 

3     0  11  47.728 

3 

0.491 

3 

O.O06 

0  15  46i!21 

4 

0.658 

4 

0.011 

4     0  15  4a638 

4 

0.655 

4 

OLOll 

0  19  42.777 

5 

0.822 

5 

0.014 

5     0  19  39JS47 

6 

0319 

6 

0uD14 

0  23  39.332 

6 

0.986 

6 

0.017 

6     0  23  35.457 

6 

0963 

6 

aoi6 

0  27  35.887 

7 

1.160 

7 

0.019 

7     0  27  31.366 

7 

ia47 

7 

OJ019 

0  31  32.443 

8 

1.315 

8 

0.022 

8     0  31  27.276 

8 

L311- 

8 

QA^ 

p  35  28.998 

9 

1.479 

9 

0.026 

9     0  35  23.186 

9 

1.474 

9 

oxes 

0  39  25JS53 

10 
U 

1.643 

10 

0.027 

10 

}  39  19.094| 

10 

1.638 

10 

0JQS7 

0  43  22.109 

1-807 

11 

0.030 

11     0  43  15.0041 

11 

1.802 

11 

a099 

0  47  18.664 

12 

1J972 

12 

0.033 

12 

3  47  10.9131 

12 

U966 

1:2 

Oja32 

0  51  15.220 

13 

2.136 

13 

0.096 

13     0  51    6J823| 

13 

2190 

13 

QUOSS 

0  55  11.775 

14 

2.300 

14 

0.088 

14     0  65    2.7321 

14 

2.294 

14 

Qjoas 

0  59    8.330 

15 

2.464 

16 

0.041 

16 

0  68  68.642 

15 

2.457 

15 

OXMl 

1    3    4.883 

16 

2.629 

16 

0.044 

16 

1    2  54.551 

16 

2.621 

16 

Oi)44 

1     7    1.441 

17 

2.793 

17 

0.047 

17 

1    6  60.461 

17 

2.785 

nr 

0016 

I  10  57.996 

18 

2S67 

18 

0.050 

18 

1  10  46.370 

18 

2.949 

» 

OJ0I9 

1  14  54.552 

19 

3.121 

19 

0.053 

19 

1  14  42.280 

19 

3.113 

19 

OJOSH 

1  18  51.107 

20 

3i286 

• 

20 

0.056 

20 

1  18  38.189 

20 

a277 

20 

0066 

1  22  46.662 

21 

a450 

21 

0.068 

21 

1  22  34.096 

21 

a440 

21 

Ou057 

1  26  44.218 

22 

aou 

22 

0.061 

22 

1  26  90.006 

22 

aeo4 

28 

ooeo 

1  30  40.773 

23 

a779 

23 

0.064 

23 

1  30  26.917 

23 

a768 

23 

aoR3 

1  34  37.328 

24 

3.943 

24 

0.066 

24 

1  34  21.827 

24 

3.932 

24 

ojoes 

1  38  33.884 

25 

4.106 

25 

0.069 

26 

I  38  17.736 

25 

4.096 

25 

OJ068 

1  42  30.439 

23 

4.272 

26 

0.072 

26 

1  42  ia646 

26 

4.269 

26 

OjOTI 

1  46  26.994 

27 

4.433 

27 

0.075 

27 

1  46    9.556 

27 

4.423 

27 

Qi)74 

1  50  23.550 

28 

4.600 

28 

0.077 

28 

160    6.466 

28 

4.587 

28 

OU076 

1  54  20.105 

29 

4.764 

29 

0.080 

29 

1  54    1.374 

29 

4.751 

29 

0079 

1  58  16.660 

30 

4.928 

30 

0.062 

30 

157  57^283 

90 

4.915 

30 

0.682 

2    2  13.216 

31 

5.092 

31 

0.086 

31 

2    1  63.193 

31 

5j079 

81 

0.085 

2    6    9.771 

32 

5.257 

32 

0.068 

32 

8    5  49.102 

32 

5.242 

32 

OJ087 

2  10    6.326 

J« 

6.421 

33 

0.091 

33 

2    9  46J012 

:« 

5.406 

S3 

OiBO 

2  14    2.882 

34 

5.585 

34 

0.094 

34 

2  13  40.921 

34 

6J570 

34 

0J83 

2  17  59.437 

35 

5.750 

35 

O.097 

35 

p  17  96.831 

X> 

6.734 

35 

ojoee 

m.          a. 

33 

6.914 

36 

0.100 

ild.Hn 

n.         1. 

36 

6.896 

96 

Ui)68 

0    9.8565 

37 

6.078 

37 

0.102 

1 

0    9.829 

37 

&oe2 

37 

oaoi 

0  19.713 

38 

a242 

38 

0.105 

2 

0  19.659 

88 

6.225 

98 

0J04 

0  29J569 

39 

6.407 

m 

0.107 

3 

0  29.489 

39 

6J989 

99 

Ol106 

0  39.426 

40 

6.671 

40 

0.110 

4 

0  39.318 

40 

6.663 

40 

^1€9 

0  49.282 

41 

6.735 

41 

0.113 

6 

0  49.148 

41 

a717 

41 

0.112 

0  69.139 

42 

6.900 

42 

0.116 

6 

068.977 

42 

6.881 

42 

0.U5 

1    8S95 

43 

7.064 

43 

0.119 

7 

1    8.807 

43 

7.044 

43 

aii7 

1  18.852 

44 

7.228 

44 

0.121 

8 

1  18.636 

44 

7.208 

44 

0.120 

1  28.708 

45 

7.393 

45 

0.124 

9 

1  28.466 

45 

7-372 

46 

0123 

1  38.565 

46 

7.557 

46 

0.127 

10 

1  88.296 

46 

7.536 

46 

0126 

148.421 

47 

7.722 

47 

0.129 

11 

1  48.125 

47 

7.689 

47 

0028 

158.278 

48 

7.886 

48       0.132 

12 

1  57.956 

48 

7-864 

48 

OJSl 

2    8.134 

49 

8.060 

49       0.136 

13 

2    7.784 

49 

a027 

49 

0134 

2  17.991 

50 

8.214 

50 

0.138 

14 

2  17.614 

60 

8.191 

50 

0137 

2  27M7 

51 

8.378 

51 

0.141 

15 

2  27.442 

61 

8.365 

61 

0199 

2  37.704 

52 

8JS43 

52 

0.143 

16 

2  37^272 

52 

8.619 

62 

0142 

2  47.560 

53 

a707 

53 

0.146 

17 

2  47.103 

53 

8jeB3 

63 

0145 

2  57.416 

54 

8.872 

64 

0.149 

18 

256.932 

54 

8.846 

54 

0.147 

3    7.273 

55 

9.086 

55 

0.151 

19 

3    6.762 

66 

9.010 

66 

O150 

3  17.129 

56 

9.200 

66 

0.154 

20 

3  16J)91 

66 

9.174 

66 

0153 

3  26.966 

57 

9.364 

57 

0.167 

21 

3  26.421 

67 

9.338 

57 

0156 

3  36.841 

58 

9.528 

68 

0.169 

22 

386.249 

68 

90502 

58 

0.158 

3  46.700 

59 

9.692 

59 

0.162 

23 

3  46.080 

69 

9.666 

59 

016I 

3  56.555 

60 

9.856 

• 
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24 
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60 

9-829 

60 
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Table  XXVUI. 

Space  into  Time. 

Table  XXIX 

.    Time  into  Space.      1 

To  conyert  Degrees 

and  parts  of  the  Equa- 

To  convert  Sidereal  Time  into  Degrees  | 

tor  into  Sidereal  Time. 

and 

Parts  of  the  Equator 

> 

o 

h«  m. 

f 

m.  a. 

4P 

8. 

h. 

• 

1    «. 

•    / 

8. 

/        » 

1 

0    4 

I 

0    4 

1 

0.066 

1 

15 

1 

0  15 

1 

0  15 

2 

0    8 

2 

0    8 

2 

0.133 

2 

30 

2 

030 

2 

030 

3 

012 

3 

0  12 

3 

0.200 

3 

45 

3 

045 

8 

0  45 

4 

0  16 

4 

0  16 

4 

0.266 

4 

60 

4 

1    0 

4 

1    0 

6 

020 

5 

020 

5 

0;«3 

6 

75 

6 

1  15 

5 

1  15 

6 

024 

6 

024 

6 

0.400 

6 

90 

6 

130 

6 

1  30 

7 

028 

7 

028 

7 

0.466 

7 

105 

7 

145 

7 

145 

'     8 

032 

8 

032 

8 

0.533 

8 

120 

8 

2    0 

8 

2    0 

9 

036 

9 

036 

9 

0.600 

9 

135 

9 

2  16 

9 

2  15 

10 

040 

10 

040 

10 

0.666 

10 

150 

10 

230 

10 

230 

11 

044 

U 

044 

11 

0.733 

11 

165 

U 

245 

U 

246 

12 

0  48 

12 

048 

12 

0.799 

12 

180 

12 

3    0 

12 

3    0 

13 

0  52 

13 

0  52 

13 

0.866 

13 

195 

13 

3  15 

13 

3  15 

14 

056 

14 

056 

14 

0.983 

14 

210 

14 

330 

14 

330 

16 

1    0 

15 

1    0 

15- 

1.000 

15 

225 

15 

3  45 

15 

345 

16 

1    4 

16 

1    4 

16 

1.066 

16 

240 

16 

4    0 

16 

4    0 

17 

1    8 

17 

1    8 

17 

1.133 

17 

255 

17 

4  15 

17 

4  15 

18 

1  12 

18 

112 

18 

1.200 

18 

270 

18 

430 

18 

430 

19 

1  16 

19 

116 

19 

1.266 

19 

285 

19 

446 

19 

445 

20 

120 

20 

120 

20 

1.333 

20 

300 

20 

6    0 

20 

5    0 

25 

140 

21 

124 

21 

1.400 

21 

315 

21 

6  16 

21 

5  16 

30 

2    0 

22 

128 

22 

1.466 

22 

330 

22 

630 

22 

630 

35 

220 

23 

132 

23 

1.533 

23 

345 

23 

545 

23 

645 

40 

240 

4k       j^ 

24 

130 

24 

1.600 

24 

360 

24 

6    0 

24 

6    0 

45 

3    0 

25 

1  40 

25 

1.666 

T«ii 

«V— 

25 

6  15 

25 

6  16 

50 
55 

320 
340 

26 
27 

144 
148 

26 

27 

1.733 
1.799 

toa. 

26 
27 

630 
646 

26 
27 

630 
645 

1. 

A 

eo 

4    0 

28 

1  52 

28 

1»66 

0.1 

1J5 

28 

7    0 

28 

7    0 

65 

420 

29 

156 

29 

1.933 

0.2 

3.0 

29 

7  16 

29 

7  15 

70 

440 

30 

2    0 

30 

2.000 

0.3 
0.4 
0£ 

4.5 
6.0 
7.5 

30 

730 

30 

730 

75 

5    0 

31 

2    4 

31 

2.066 

31 

746 

31 

745 

80 

5  20 

32 

2    8 

32 

2.133 

0.6 

9.0 

32 

8    0 

32 

8    0 

90 

6    0 

33 

212 

33 

2i«)0 

0.7 

10.5 

33 

8  16 

33 

8  16 

100 

640 

34 

2  16 

34 

2L266 

0.8 

12.0 

34 

830 

34 

830 

110 

7  20 

35 

220 

35 

2.333 

0.9 

13.5 

35 

845 

35 

846 

120 

8    0 

36 

224 

36 

2.400 

1.0 

15.0 

36 

9    0 

36 

9    0 

130 

8  40 

37 

2  28 

37 

2.466 

Huudredtlu.  | 

37 

9  15 

37 

9  16 

140 
150 

920 
10    0 

38 
39 

232 
236 

38 
39 

2A33 
2.6t)0 

38 
39 

930 
946 

38 
39 

930 
9  46 

a. 

A 

160 

10  40 

40 

240 

40 

2.666 

aoi 

0.02 
0.03 

0.15 
0.30 
0.45 

40 

10    0 

40 

10    0 

170 

1120 

41 

244 

41 

2.733 

41 

10  15 

41 

10  16 

180 

12    0 

42 

248 

42 

2.799 

0.04 

0.60 

42 

10  30 

42 

10  30 

190 

12  40 

43 

2  52 

43 

2.866 

0.05 

0.75 

43 

10  45 

43 

10  46 

200 

13  20 

44 

256 

44 

2.933 

0.06 

0.90 

44 

11    0 

44 

11    0 

210 

14    0 

45 

3    0 

45 

3.000 

0.07 

1.05 

46 

11  16 

46 

1115 

220 

14  40 

46 

3    4 

46 

3.066 

0.08 

1.20 

46 

U  30 

46 

1130 

230 

15  20 

47 

3    8 

47 

3.133 

0.09 

1.36 

47 

1145 

47 

1145 

240 

16    0 

48 

312 

48 

3.200 

0.10 

1-50 

48 

12    0 

48 

12    0 

250 

16  40 

49 

3  16 

49 

3.266 

Thouai 

k*ft#lA^A 

49 

12  15 

49 

12  16 

260 

17  20 

50 

320 

50 

3.333 

inattiia 

50 

12  30 

60 

12  30 

0.001 

0.(&5 

270 

18    0 

51 

324 

61 

a400 

51 

12  46 

61 

12  46 

280 

18  40 

52 

828 

62 

3.466 

0.002 

0.030 

52 

13    0 

62 

13    0 

290 

19  20 

53 

3  32 

53 

SJS33 

0.003 

0.045 

53 

13  16 

63 

13  16 

300 

20    0 

54 

336 

54 

3.600 

0.004 

0.060 

54 

13  30 

64 

13  30 

310 

20  40 

55 

340 

56 

3.666 

0.005 

0.075 

65 

13  46 

65 

13  46 

320 

21  20 

56 

344 

56 

ar33 

0.006 

0.090 

66 

14    0 

66 

14    0 

330 

22    0 

57 

348 

67 

3.799 

0.007 

0.106 

57 

14  15 

57 

14  16 

340 

22  40 

58 

8  52 

58 

sjim 

0.008 

0.120 

58 

14  30 

58 

14  30 

360 

23  20 

59 

856 

59 

SJXXi 

0.009 

0.135 
0.150 

59 

14  46 

50 

14  46 

360 

24    0 

60 

4    0 

60 

4.000 

0.010 

60 

15    0 

60 

15    0 
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Table  XXX.    Diurnal  Variations.                                            | 

err. 

m. 

m. 

* 
m. 

m 

m. 

m. 

m. 

* 
m. 

4 

m. 

m. 

fnterr. 

hra, 

10 

90 

80 

1 

2 

8 

4 

5 

6 

7 

8 

9 

13  hra. 

#     « 

/         0 

/     « 

/    « 

/     » 

/     It 

/       « 

/     •   f  /     « 

/        A 

/      « 

*      m 

in. 

in.  B. 

m.  8. 

m.  8. 

m.  8. 

m.    8.* 

m.    8. 

m.    8. 

m.    8. 

m.    8. 

m.    8. 

m.    8. 

m    a. 

h.  m. 

0 

0   0.0 

0   0.0 

0   0.0 

0   0.0 

0   0.0 

0   0.0 

0   0.0 

0   0.0 

0   0.0 

0   0.0 

•O    0.0 

0   OJO 

I   0    0 

30 

012.5 

0  25.0 

0  37U5 

0   1.2 

0   2.5 

0   3.7 

0    5.0 

0  6.2 

0   lA 

0   8.7 

010.0!0U2i   0  151 

0 

0  25.0 

0  60.0 

115.0 

0   2.6 

0   5.0 

0  7.5 

010.0 

012JS 

016.0 

017J> 

0  20.0 

02SL6     OdOl 

30 

0  37.5 

115.0 

132.6 

0   3.7 

0   7.5 

011.2 

015.0 

oia7 

0  22.5 

0  26.2 

0  30.0 

033.7 

045 

0 

0  50.0 

140.0 

2  30.0 

0   6.0 

010.0 

015.0 

0  20.0 

0  26.0 

0  30.0 

0  36.0 

0  40.0 

045.0 

1    0 

30 

1    2.5 

2   6.0 

3   7.5 

0   6.2 

012.6 

018.7 

0  26.0 

031.2 

0  87.5 

0  43.7 

0  60.0 

06&2 

115 

0 

115.0 

2  30.0 

3  45.0 

0   7.5 

016.0 

0  22.5 

0  30.0 

0  37.5 

0  45.0 

0  62.6 

1   0.0 

1   7.5 

130 

30 

127.5 

2  66.0 

4  22.5 

0   8.7 

017J5 

026.2 

0  35.0 

0  43.7 

052.5 

1    1^2 

110.0 

iia7 

1  45 

0 

140.0 

3  20.0 

6   0.0 

010.0 

0  20.0 

0  30.0 

0  40.0 

0  60.0 

1   0.0 

110.0 

120.0 

laojo 

2    0 

30 

152.5 

3  46.0 

5  37.6 

011J2 

0  22.6 

033.7 

046.0 

0  56.2 

1   7.5 

118.7 

130.0 

141.2 

2  15 

0 

2   5.0 

410.0 

616.0 

012.6 

0  25.0 

0  37.5 

0  60.0 

1   2.6 

115.0 

127iJ 

140.0 

162.5 

230 

30 

217.6 

4  35.0 

6  52J5 

013.r 

0  27.6 

0  41.2 

0  65.0 

1   8.7 

I22i» 

136.2 

160.0 

2  a7 

245 

0 

2  30X) 

5   0.0 

7  30.0 

016.0 

0  30.0 

0  46.0 

1   0.0 

115.0 

130.0 

146.0 

2   0.0 

215i> 

3    0 

30 

2  42^ 

5  26.0 

8   7J5 

016i2 

0  32.6 

0  48.7 

1   5.0 

121^2 

137.5 

153.7 

210.0 

2  26.2 

3  15 

0 

2  55.0 

5  60.0 

8  46.0 

017J5 

0  35.0 

0  52.5 

110.0 

127.5 

146.0 

2   2J^ 

2  20.0 

2  37.5 

3  9) 

30 

3-  7.5 

616.0 

9  22.5 

018.7 

0  37.5 

0  66.2 

115.0 

133.7 

152.6 

211.2 

2  90.0 

2  48.7 

345 

0 

3  20.0 

6  40.0 

10   0.0 

0  20.0 

0  40.0 

1   0.0 

120.0 

140.0 

2  0.0 

2  20.0 

2  40.0 

3    0.0 

4    0 

30 

3  32J5 

7   5.0 

10  37.5 

0  21.2 

0  42.6 

1    3.7 

125.0 

146i2 

2  1& 

2  28.7 

260X) 

311.2 

4  15 

0 

345.0 

7  30.0 

11 15.0 

0  22.6 

0  46.0 

1   7.5 

130.0 

152.6 

215.0 

2  37.5 

3   0.0 

322.5 

4dU 

30 

3  57.5 

7  66.0 

1162^ 

0  23.7 

0  47.6 

111.2 

135.0 

168.7 

222.5 

246.2 

310.0 

3  33.7 

445 

0 

410.0 

8  20.0 

12  30.0 

0  25.0 

0  60.0 

115.0 

140.0 

2   5.0 

2  30.0 

2  66.0 

3  20J0 

3  45.0 

5    0 

30 

4  22.5 

8  46.0 

13   7.6 

0  26.2 

0  62.5 

118.7 

145.0 

211.2 

2  37.5 

3   3,7 

3  30.0 

356J2 

5  15 

0 

4  35.0 

910.0 

13  46.0 

0  27.6 

0  66.0 

122.5 

150.0 

217.6 

2  45.0 

3  12JS 

3  40.0 

4   7j5 

530 

30 

4  47.5 

9  36.0 

14  22.6 

0  28.7 

0  67.6 

126.2 

155.0 

2  23.7 

2  52.5 

3  21J2 

3  50.0 

418.7 

545 

0 

5   0.0 

10   0.0 

16   0.0 

0  30.0 

1   0.0 

130.0 

2   0.0 

2  30.0 

3  0.0 

3  30.0 

4   0.0 

4  30.0 

6    0 

30 

512.5 

10  25.0 

16  37.6 

0  31.2 

1    2.5 

133.7 

2   5.0 

236J2 

3   1& 

3  3a7 

410.0 

4  41.2 

6  15 

0 

5  25.0 

10  60.0 

16  16.0 

0  32.6 

1    6.0 

137.5 

210.0 

2  42.6 

316.0 

3  47.5 

4  20.0 

4  62.6 

630 

30 

5  37.5 

1116.0 

16  62.6 

0  33.7 

1   7.6 

141.2 

215.0 

2  48.7 

3  22JS 

3  56.2 

4  30.0 

6  a7 

645 

0 

5  50.0 

1140.0 

17  30.0 

0  36.0 

110.0 

145.0 

2  20.0 

265.0 

3  30.0 

4   6.0 

4  40.0 

616.0 

7    0 

30 

6   2JS 

12   6.0 

18   7.6 

0  36.2 

112.6 

14&7 

2  26.0 

3    1.2 

3  37.6 

413.7 

4  50.0 

52&2 

7  15 

0 

615.0 

12  30.0 

18  46.0 

0  37.6 

116.0 

162.5 

2  30.0 

3   7.6 

3  46.0 

4  22.6 

5   0.0 

5  37j5 

7  30 

30 

6  27£ 

12  56.0 

19  22.6 

0  38.7 

117.5 

166.2 

2  35.0 

313.7 

3  52.5 

4  31,2 

510.0 

5  4a7 

745 

0 

6  40.0 

13  20.0 

20   0.0 

0  40.0 

120.0 

2  0.0 

2  40.0 

3  20.0 

4   0.0 

4  40.0 

6  20.0 

6  0.0 

8    0 

30 

6  52.5 

13  46.0 

20  37.6 

0  41.2 

122.6 

2  a7 

2  45.0 

3  26.2 

4   7.6 

4  4a7 

5  30.0 

611.2 

8  15 

0 

7   5.0 

14  10.0 

21 16.0 

0  42.5 

126.0 

2   7.6 

2  50.0 

3  32.6 

416.0 

4  67.5 

6  40.0 

6  22.6 

sai 

30 

717.5 

14  35.0 

2162.6 

0  43.7 

127J5 

211.2 

2  56.0 

3  3a7 

4  22.5 

5   6.2 

6  50.0 

6  33.7 

8  45 

0 

7  30.0 

15   0.0 

22  30.0 

0  46.0 

130.0 

215.0 

3   0.0 

3  45.0 

4  30.0 

615.0 

6  0.0 

6  46.0 

9    0 

30 

7  42.5 

16  26.0 

23   7.6 

0  46.2 

132.5 

2  18.7 

3   5.0 

3  51.2 

4  37.6 

6  23.7 

610.0 

6d6u2 

9  15 

0 

7  55.0 

15  60.0 

23  46.0 

0  47.6 

ia5.o 

2  22.5 

310.0 

3  67.6 

4  46.0 

6  32.6 

6  20.0 

7   7^ 

930 

30 

8   7.5 

16  16.0 

24  22.6 

0  48.7 

137.6 

226.2 

315.0 

4   3.7 

4  52.5 

6  41.2 

6  30.0 

7ia7 

9  45 

0 

8  20.0 

16  40.0 

25   0.0 

0  60.0 

140.0 

2  30.0 

3  20.0 

410.0 

6   0.0 

5  50.0 

6  40.0 

7  30.0 

10    0 

30 

8  32.5 

17    6.0 

25  37.6 

0  51.2 

142.5 

2  33.7 

3  25.0 

416.2 

5   7.5 

6  58.7 

6  50.0 

7  41.2 

10  15 

0 

8  45/) 

17  30.0 

26  16.0 

0  62.6 

145.0 

2  37.6 

3  30.0 

4  22.6 

516.0 

6   7.6 

7   0.0 

7  52.6 

10  30 

30 

8  57.6 

17  65.0 

26  62.6 

0  53.7 

147.5 

2  41.2 

3  35.0 

4  28.7 

5  22.5 

616.2 

7  10.0 

8   3.7 

10  45 

0 

910.0 

18  20.0 

27  30.0 

0  66.0 

150.0 

2  45.0 

3  40.0 

4  36.0 

5  30.0 

6  25.0 

7  20.0 

815.0 

11    0 

30 

9  22.5 

18  45.0 

28   7.6 

0  66.2 

152.6 

2  48.7 

3  46.0 

4  41.2 

6  37.5 

6  33.7 

7  30.0 

8  26.2 

11  15 

0 

9  36.0 

19  10.0 

28  45.0 

0  57.6 

165.0 

2  52.6 

3  50.0 

4  47.5 

6  45.0 

6  42JS 

7  40.0 

8  37.5 

11  3r. 

30 

9  47.6 

19  35.0 

29  22.5 

0  68.7 

157.5 

2  56.2 

3  65.0 

4  53.7 

5  52JS 

6  51.2 

7  50.0 

8  48.7 

11  45 

0 

10   0.0 

20  0.0 

30   0.0 

1   0.0 

2   0.0 

3   0.0 

4   0.0 

6   0.0 

6   0.0 

7   0.0 

8   0.0 

9   0.0 

12    0 

* 

« 

« 

« 

H 

n 

« 

H 

« 

M 

« 

« 

n. 

8. 

8. 

8. 

8. 

8. 

8. 

8. 

8. 

8. 

8. 

8. 

8. 

n. 

2 

0.8 

1.7 

2.5 

0.1 

0.2 

0.2 

0.3 

0.4 

0.5 

0.6 

a? 

0.7 

1 

i 

1.7 

3.3 

5.0 

0.2 

0.3 

0.6 

0.7 

0.8 

LO 

L2 

L3 

1.6 

2 

3 

2J5 

6.0 

7.5 

0J2 

0.5 

0.7 

1,0 

1.2 

1.5 

1.7 

8.0 

2.2 

3 

3 

3.3 

6.7 

10.0 

0.3 

0.7 

1.0 

1.3 

1.7 

2.0 

2.3 

2.7 

ao 

4 

3 

4.2 

8.3 

12.5 

0.4 

0.8 

1.2 

1.7 

2.1 

2A 

Z9 

a3 

a7 

6 

2 

5.0 

10.0 

15.0 

0.5 

1.0 

1.6 

2.0 

2.5 

3.0       Zh   \ 

4.0 

4.5 

6 

1 

5.8 
6.7 

11.7 

17.6 

t).6 

1.2 
1.3 

1.7   [ 

2.3 

2.9 

3.5 

i.1 

4.7 

5.2 

^7 
^8 

13.3 

20.0 

0.7 

2.0 

2.7        3.3 

4.0 

4.7 

5.3 

ao 

i 

7.5 

16.0 

22.5 

0.7 

1.6 

2.2 

3.0       3.7 

4.6 

5.2 

6,0 

a7 

9 

) 

8.3 

16.7 

25.0 

0.8 

1.7 

2.5 

3.3 

4.2 

5.0 

5.8 

6.7 

7.5 

10 

2 

9.2 

18.3 

27.5 

05 

1.8 

2.7 

3.7 

4.6 

6.6 

6.4 

7.3 

8,2 

11 

1 

10.0 

20.0 

30.0 

1.0 

2.0 

3.0 

4.0 

5.0 

6.0 

7.0 

8.0 

9.0 

12 

5 

10.8 

21.7 

32.5 

1.1 

2.2 

a2 

4.3 

5.4 

6.6 

7.6 

8.7 

9.7 

13 

i 

11.7 

23.3 

a5.0        1.2 

2.3 

3.6 

4.7 

5.8 

7.0 

8.2 

9^      lOUS    1 

14 
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Table  XX  XL    Shewing  the  lengths  of  horizontal  lines  equivalent  to  the  several 

ascending  and  descending  planes,  the  length  of  the  plane  bemg  unity ;  in  re- 

ference to  the  different  classes  of  Engines,  including  the  gross  load,  with 

engine 

and  tender. 

1 

First  Class  Engines, 

First  Class  Engines, 

Second  Clnss  Fnginvs, 

Secund  Class  Engines, 

Gradi- 
entt. 

Load  100  tons. 

Load  ftO  tons. 

Load  80  tons. 

Load  40  tons. 

Equivalent  Horixonta]  EqiiiTalent  UoriiontalfBquiTalent  Uorisonta. 

Equivalent  Horisontal 

Planes. 

Planea. 

Planes. 

Planes. 

As. 

Dec. 

Mean. 

As. 

Dec. 

Mean. 

As. 

Dec. 

Mean. 

As. 

Dec. 

Mean. 

llnSO 

2JS0 

LOO 

1.76 

1.99 

1.00 

L49 

2.60 

1.00 

1.80 

2.07 

1.00 

IJBa 

95 

2.42 

1.00 

1.71 

1.94 

1.00 

1^7 

2.61 

1.00 

1.75 

2.02 

1.00 

1J51 

100 

2.39 

1.00 

1.69 

1.89 

1.00 

1.44 

2M 

1.00 

1.72 

1.97 

1.00 

1.48 

110 

2.23 

1.00 

1.61 

L81 

1.00 

1.40 

2.38 

1.00 

1.69 

1.88 

1.00 

1.44 

120 

2.12 

1.00 

1-56 

1.74 

1.00 

1-37 

2.20 

1.00 

1.60 

1.80 

1.00 

1.40 

130 

2M 

1.00 

1.52 

li» 

1.00 

1-34 

2.10 

1.00 

1.55 

1.74 

IXX) 

1.37 

140 

1.96 

1.00 

1.46 

1.64 

1.00 

1.32 

2.03 

1.00 

1.61 

1.69 

1.00 

1.34 

160 

L84 

0.83 

1.33 

1.56 

o.m 

1^20 

1.90 

0.83 

1.36 

1.60 

0.83 

IJ21 

180 

L79 

OKi 

1.31 

1.49 

0.8!) 

L16 

1.80 

0H\ 

1.31 

1.63 

0.83 

1.18 

200 

1j67 

0.83 

ISS6 

1.44 

OXi 

1.13 

1.72 

OJQ 

1.27 

1.48 

0.R3 

1.15 

250 

1.53 

0.83 

1.18 

1.36 

0>« 

1.09 

1.58 

0.83 

1.20 

1.42 

0.83 

1.12 

300 

1.45 

0.83 

1.14 

1.30 

0.83 

1.06 

1.48 

0.83 

1.15 

1.32 

0K{ 

1.07 

360 

1.38 

0.83 

1.10 

1.25 

OiW 

1.04 

1.41 

OJK\ 

1.12 

1.27 

0-83 

1.06 

400 

1.33 

0.83 

lOK 

1J22 

0.83 

1.02 

1.36 

OJXl 

1.09 

1.24 

()K\ 

IXO 

500 

1.27 

0.83 

1.06 

1.18 

OXi 

1.01 

1.28 

()K^ 

1.05 

1.19 

0.83 

1.01 

750 

1.18 

0.83 

1.01      1.12 

0>W 

1.00 

1.19 

0.83 

1.01 

1.13 

om 

1.06 

1000 

1.13 

0.85 

1.00      1.09 

0.91 

1.00 

1.14 

0.86 

1.00 

1.09 

0.91 

1.00 

1500 

1.09 

050 

l.(  )      1.06 

0.94 

1.00 

1.09 

0.91 

1.00 

1.01 

0.94 

1.00 

Third 

Class  Engines, 

Third  ( 

Class  Engines, 

Fourth  Class  Engines 

Fourth  Class  Engines, 

Gndi> 
enta. 

*    Lot 

id  80  tons. 

Loi 

id  40  tons. 

Load  00  tons. 

Load  80  tons. 

EqutTaJ 

lent  Horlsontal 

Equira] 

lent  Horizontal 

BquiTalenl  Horlxontal 

Equivalent  Horiiontal 

Planes. 

Planes. 

Planes. 

r 

Planes. 

As. 

Dec. 

Mean. 

As. 

Dee. 

Mean. 

As. 

Dec. 

Mean. 

As. 

Dec. 

Mean. 

linSO 

2.66 

1.00 

1.83 

2.14 

1.00 

1JJ7 

2.51 

1.00 

1.75 

2.00 

1.00 

1.50 

95 

2.58 

1.00 

1.79 

2.06 

IXX) 

1.64 

2.44 

1.00 

1.72 

1.95 

1.00 

1.47 

100 

2.50 

1.00 

1.75 

2.02 

1.00 

1J>1 

2.36 

1.00 

1.68 

1.90 

1.00 

1.46 

110 

2.36 

1.00 

1.68 

li» 

1.00 

1.46 

2.33 

1.00 

1.66 

1.82 

1.00 

1.41 

120 

2.25 

1.00 

1.62 

1.86 

1.00 

1.42 

2.14 

1.00 

1.67 

1.75 

1.00 

1.37 

130 

2.15 

1.00 

L67 

1.78 

1.00 

1.39 

2.05 

1.00 

1.62 

I.P9 

IJOO 

1.34 

140 

2.07 

1.00 

1.63 

1.73 

1.00 

1.36 

1S7 

1.00 

1.48 

1.64 

1.00 

1.32 

160 

1.94 

OKi 

1.43 

1.64 

0>« 

li» 

liJ5 

0.83 

1-34 

1.56 

0.83 

1J» 

180 

1.83 

Oitt 

1.33 

1.67 

0.83 

1.20 

1.75 

i).m 

1.29 

1.50 

0.83     1.16  1 

200 

1.75 

0.83 

li29 

1.62 

0.83 

1.17 

1.68 

0.83 

1.26 

1.46 

OJKH 

1.14 

250 

1.60 

().m 

1.21 

1.41 

0.83 

1.12 

IM 

0-83 

1.18 

1.35 

0.83 

1.09 

300 

1.50 

0.83 

1.16 

1.34 

0.83 

1.06 

1.46 

0.83 

1.14 

1.30 

0.83 

1.06 

a'iO 

1.43 

()K\ 

1.13 

1.29 

0.83 

1.06 

1.39 

0.83 

1.10 

1.26 

0.83 

1.04 

400 

1.37 

0.83 

1.10 

1.25 

om 

1.04 

1.34 

0>« 

1.08 

1.22 

0.83 

1.02 

500 

1.30 

0.83 

1.06 

1.20 

0.83 

1.01 

1.23 

0A3 

1.03 

1.18 

0.83 

1.01 

750 

1.20 

0.83 

1.01 

1.13 

0.87 

1.00 

1.18 

OKi 

1.01 

1.12 

0.83 

1.00 

1000 

1.16 

0.85 

1.U0 

1.10 

0.90 

1.00 

1.13 

0.87 

1.00 

1.09 

0.91 

1.00 

1500 

1.10 

0.90 

1.00 

1.07 

0.93 

1.00 

1.09 

0J91 

1.00 

1.06 

0.94 

1.00 

aes.  Load  60  tons. 

Velocities  in  Miles  an 

By 

W.  O. 

Gradi- 
ents. 

Hour.  By  Dr  Lardner. 

Equi 

Talent  Horizon t..] 

Equiralent  Horixoota' 

Ascen. 

Dfc. 

Mean 

Gnidi- 
enU. 

Planes. 

Gn 
en 

fcdi. 
ts. 

Planes. 

Plane. 

I*lnni'. 

or 
Level. 

As 

• 

Dec. 

Mean. 

Ail. 

Dec. 

Mean. 

lin  177 

MUea. 

Miles. 
41.32 

Miles. 
31.78 

1  in  200 

1.25 

i 

0.72 

1.00 

lin 

500 

1.12 

0.88 

1.00 

285 

24.87 

39.13 

32.00 

250 

1.2! 

5 

0.75 

1.00 

650 

1.10 

0.90 

1.00 

330 

25.26 

37.07 

31.16 

300 

12- 

i 

0.78 

1.00 

600 

1.08 

0.92 

1.00 

400 

26.87 

36.75 

31.81 

350 

IJSA 

) 

OJ&O 

1.00 

&S0 

1.05 

0.95 

1.00 

63. 

27.35 

343) 

30.82 

400 

l.li 

r 

0.83 

1.00 

700 

1.03 

0.97 

1.00 

69(/ 

27.37 

33.16 

30.26 

450 

1.1^ 

5 

0.85 

1.00 

L< 

)vel 

1.00 

1.00 

1.00 

65C 

29.0C< 

32J» 

30.80 

„^ 

^^ 

J 

^^ 

1 

1 

-J 

L^vrl 

or  Mrs 

\n    . 

31.23 

20 
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1  Table  2JULiI.    Computation  of  Onttixigs  and  Embankments,  tho  fonnation*  ] 

level  or  base  being  30  feet,  and  length  one  chain. 

1            Slopes,  1  to  1. 

8k>pes,  If  to  1.            1             Slopes,  S  to  1.            1 

Depth 
of  Cut- 
ting in 
Feet. 

Hslf 

width 

at  top 

in 

Feet. 

Content  in 
cubic  yards 
per  chain. 

Content 
of  1  per- 
pendicu- 
lar foot  in 
breadth. 

Half 
width 
at  top 

in 
Feet. 

Content  in 

cubic  yards 

per  chain. 

Content 
of  I  per- 
pcndicu- 
Ur  foot  in 
breadth. 

Half 

width 

at  top 

in 

Feet. 

Content 

Content  lit  of  1  per^ 

cubic  yardi  pendicn- 

per  chain,  larfootin 

1  breadth. 

1 
2 
8 
4 
6 
6 
7 
8 
9 

16 
17 
18 
19 
20 
21 
22 
23 
24 

76.78 
166.42 
242.00 
332.44 
427.78 
628.00 
633.11 

74au 

858.00 

2.44 

4.89 

7.33 

9.78 

12.22 

14.67 

17.11 

19.56 

22.00 

16^ 
18.0 
l^^ 
21.0 
22JS 
24.0 
25.6 
27.0 
28.6 

77X)0 
161.33 

26aoo 

362.00 
463.X) 
672.00 
693.00 
821.33 
967.00 

2.44 

4.89 

7.33 

9.78 

12.22 

14.67 

17.11 

19JS6 

22.00 

17 
19 
21 
23 
26 
27 
29 
31 
33 

78.22 
166.22 
264.00 
871.65 
488.89 
61&00 
752-89 
899.65 
1066.00 

2.44 

4J89 

7.33 

9.78 

12.22 

14.67 

17.11 

19^ 

22X» 

10 
11 
12 
13 
14 
16 
16 
17 
18 
19 

26 
26 
27 
28 
29 
30 
31 
32 
33 
34 

977.78 
1102.44- 
1232.00 
1366.44 
1606.78 
1660.00 
1799.11 
1953.11 
2112.00 
2275.78 

24.44 
26i» 
29.33 
81.78 
34.22 
36.66 
39.11 
41.56 
43.99 
46.44 

30.0 
31.6 
33.0 
34US 
36.0 
37  J$ 
30.0 
40^ 
42.0 
43A 

iioaoo 

1260.33 

i4oaoo 

1673.00 
1745.33 
1926.00 
2112.00 
2306.33 
2606.00 
2717.00 

24.44 
26.89 
29.33 
31.78 
34.22 
36.66 
39.11 
41.55 
43.99 
46.44 

36 
37 
39 
41 
43 
46 
47 
49 
61 
63 

122222 
1396.22 
1684.00 
1779i>6 
1984.89 
2200.00 
2424i» 
2659  JS6 
2904.00 
3158.22 

24.44 

26J89 
29.33 
31.78 
34.22 
36.66 
39.11 
41^5 
43.99 
46.44 

20 
21 
22 
23 
24 
26 
26 
27 
28 
29 

35 
36 
37 
88 

40 
41 
42 
43 
44 

2444.44 
2618.00 
2796^ 
2979.78 
3168.00 
3361.11 
3599.11 
3762.00 
3969.78 
4182.44 

48.89 
61.33 
53.77 
66J21 
68.66 
61.10 
63.56 
66i)9 
68.43 
70JSH 

45.0 
46US 
48.0 
49.6 
61.0 
S2J6 
54.0 
66.6 
57.0 
58.6 

2933^ 
3157.00 
3388.00 
3626.33 
3872.00 
4125.00 
4385.33 
4653.00 
4928.00 
6210.33 

48.89 
61.33 
63.77 
66.21 
58.66 
6L10 
63.65 
65.99 
684,3 
70jW 

66 
67 
59 
61 
63 
65 
67 
69 
71 
73 

'3422.22 
3696.00 
3979.55 
4272.H9 
4576.00 
4888i(9 
6211i^ 
6544.00 
6886.22 
6238.22 

4SJ89 
5lJXi 
63.77 
66.21 
68.66 
61.10 
63A5 
65i)9 
68.43 
70i» 

30 
31 
32 
83 
34 
36 
36 
87 
38 
39 

46 

46 
47 
48 
49 
60 
51 
62 
63 
64 

4400.00 
4622.44 
4849.78 
6062.00 
6319.11 
556L11 
5808.00 
6069.78 
8316.44 
657a00 

73.32 
•  75.77 
78.22 
80.67 
83.11 
85.55 
88.00 
90.44 
92.89 
96.33 

60.0 
61.6 

6ao 

64.6 
66.0 
67.6 
69.0 
70.6 
72.0 
73JJ 

6500.00 
6797.00 
6101.33 
6413.00 
6732.00 
7068.33 
7392.00 

773aoo 

8081.33 
8437.00 

73.32 
75.77 
78.22 
80.67 
83.11 
86.66 
88.00 
90.44 
92.89 
95.33 

76 
77 
79 
81 
83 
85 
87 
89 
91 
93 

6600.00 
6971^5 
7352JH9 
7744.00 
8144.89 
8655.55 
8976.00 
9406.22 
9846.22 
10296.00 

73.22 
76.77 
78.22 
8Ui>7 
83.11 
85.65 
88.00 
90.44 
92L89 
95.33 

40 
41 

42 

43 
44 

46 
46 
47 
48 
49 
50 

66 
66 
57 
58 
69 
60 
61 
62 
63 
64 
66 

6844.44 
7115.78 
7392.00 
767ail 
7959.11 
8260.00 
8646.78 
8846.44 
9152.00 
9462.44 
9777.78 

97.77 
100.22 
102.66 
106.11 
107.65 
109.99 
112.44 
114.88 
117.33 
119.77 
122.21 

76.0 
76.6 
78.0 
79.6 
81.0 
82.6 
84.0 
85.6 
87.0 
88.6 
90.0 

8800.00 
917a33 

9548.00 
9933.00 
10325.33 
10725.00 
11132.00 
11546.33 
11988.00 
12397.00 
12833.33 

97.77 
100.22 
102.66 
105.11 
107.65 
100.99 
112.44 
114.88 
117.83 
119.77 
122i21 

95 
97 
99 
101 
103 
106 
107 
109 
111 
113 
116 

10755.65 
11224.89 
U70iXX> 
12192.89 
12691.56 
13200.00 
13718.22 
14246.22 
14784.00 
16331.56 
16888i)9 

97.77 
lOOiS 
102.66 
105.11 
107.55 
109.99 
112.44 
114.88 
117.33 
119.77 
122.21 

Example  of  the  um  of  this  Table.     If  a  cutting  of  one  Imperial  Chun  of  100 
linkg  in  length  and  SO  feet  in  depth,  were  executed  on  a  bsse  or  formation-lerel  of 
30  feet,  how  many  cubic  jards  of  earth  would  be  thrown  out,  the  Blopet  being  2  to  1  f 

To  depth  20  feet  in  the  left  hand  column,  and  under  slopes  2  to  1  at  top,  there 
wiU  be  found  3423.22  cubic  yards.     Mr  Maeneill's  Tables  give  61.86  x66=34SS.10 
cubic  jards. 
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